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F O W O R D  

“The Predict ion o f  Accident Involvement from Driver Kecord and Bioqraph- 
i c a l  Data“ represents  t h e  n in th  and f i n a l  part of the 1964 Cal i forn ia  - Driver Record Study. This f i n a l  p a r t ,  together with its immediate prede- 
cesser ,-8, a r e  concerned w i t h  t he  prediction of accident involvemenc 
and the i s o l a t i o n  of important d r ive r  record r e l a t ionsh ips .  A s  such, 
they a r e  t h e  l o g i c a l  culmination of the scudy, s ince they involve a con- 
s i d e r a t i o n  of every aspect of che da t a  and t h e i r  i n t e r r e l a t ionsh ip .  

Part  9 ,  as alL ?revious p a r t s ,  is the product of the Department’s 
Research and S t a t i s t i c s  Section ana was accomplished under the general  
d i r e c t i o n  or’ Ronald 5. Coppin, S t a t i s t i c a l  Research Of f i ce r .  The p r inc i -  
p a l  i nves t iga to r s  on Part  9 were Robin S .  McBride and Raymond C .  Peck, 
Research Analysts. 

A s  might b e  expecced i n  a study of t h i s  magnitude, t h e  number of pe r -  
sons who made s i g n i f i c a n t  contribucions a r e  too numerous t o  b e  acknovl- 
edged individual ly .  Special  mention, however, is due Gareth Ferdun, 
formerly a research analyst  with t h i s  department, for coordinating much 
of  t he  computer processing of the regression analysis and descr ip t ive  
t abu la t ions ,  a s  w e l l  a s  d i r ec t ing  the  questionnaire phase of t h e  study. 
I n  addi t ion,  w e  m u s t  express appreciat ion t o  Ronald V. Thunen, Admini- 
s t r a t o r ,  Division of Drivers Licenses, fo r  h i s  many worthwhile suggestions 
and construct ive cri t icism of a l l  phases of the study. 
a l s o  indebted t o  Dr. Harry M. Hughes, Chief of Data Processing, USAF 
School of Aerospace Medicine, for contr ibut ing t h e  Regression Analysis 
program used i n  Parts 8 and 9 of the  study. 

The Department is  

The Department is confident t h a t  the California Driver Record 
Stud represents  a s i g n i f i c a n t  contr ibut ion t o  the  s c i e n c e n i v i n g  
d i o r  and w i l l  prove useful  t o  a l l  persons, professional or l ay ,  having 
an i n t e r e s t  i n  t r a f f i c  s a fe ty  and d r ive r s  l i cense  administration. 

L 
i 

L. McLAUGHLIN), Chi’ef 
ion of Administration 
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a .  

SUMMARY 

The more important and reveal ing findings discussed i n  t h i s  r epor t  
a r e  sunmarized as  follows: 

1. 

2 .  

3 .  

4 .  

5 .  

The bes t  o v e r a l l  accident predictor  for  both concurrent and non- 
concurrent events is the t o t a l  number of one count convictions 
on f i l e .  
t i o n s ,  t he  cont r ibu t ion  of t he  s p e c i f i c  types of v io l a t ions  is 
very small. 
convictions (regardless  of type o r  count) accrued by a d r ive r  
would be  as  e f f i c i e n t  i n  predict ing accidents a s  the more complex 
method of assigning d i f f e r e n t  weights t o  the  various types of 
v io la t ions .  

Beyond a knowledge of t he  number of one count convic- 

The da ta  s t rongly  suggests t h a t  t he  t o t a l  number of 

Biographical information about a dr ive r  (age, marital status,  
area of residence,  physical  stature, etc . )  s l i g h t l y  increases  
the  accuracy of accident pred ic t ion  beyond t h a t  achieved through 
knowledge of d r ive r  record var iab les  alone. 
da ta  obtained from a quest ionnaire  (mileage, occupation, e t c  .) 
resul ted i n  a two-fold increase  i n  predict ive accuracy. 

Further addi t iona l  

The r e l a t ionsh ips  proved higher for  events occurring i n  t h e  same 

time period (concurrent) than f o r  events Occurring i n  d i f f e r e n t  
time periods (non-concurrent) . 

The r e l a t i v e  assoc ia t ion  between the  predictor  va r i ab le s  and 
accident involvement d i f f e r s  fo r  males and females. Also, in 
both concurrent and non-concurrent prediction, the o v e r a l l  magni- 
tude of t h e  r e l a t ionsh ips  is  higher for  males than females. 

A t h e o r e t i c a l  ana lys i s  of t he  accident d i s t r i b u t i o n s  indicated 
t h a t  t he  maximum i n  pred ic t ive  e f f i c i ency  was not  achieved with 
any of t he  equations; t he re fo re ,  t he  inclusion of addi t ional  data  
about t he  d r ive r  would probably increase accident p r e d i c t a b i l i t y .  



INTRODUCTION 

This report  is the n in th  part of a s e r i e s  r e l a t i n g  t o  <he Ca l i fo rn ia  
dr iving population; i ts  topic  i s  the combined r e l a t ionsh ip  between var ious 
dr iver  cha rac t e r i s t i c s  and accidents .  In con t r a s t  t o  Part 8 ,  the  charac-  
t e r i s t i c s  under considerat ion a r e  not  l imited to  v i o l a t i o n  pa t te rns  but  
include such var iab les  as age, marital status,  physical  s t a t u r e  and 
exposure to  accidents .  
cur ren t  re la t ionships  -- t h a t  is ,  an attempt is made t o  a c t u a l l y  p red ic t  
accident involvement from p r io r  events.  
Driver Record Study, t he  ana lys i s  has been confined l a r g e l y  t o  concurrent 
r e l a t ions  hips . 

The report  a l s o  analyzes a v a r i e t y  of non-con- 

In a l l  previous p a r t s  of t he  

In  all cases the dr iver  record events under cons idera t ion  occurred 
during 1961 through 1963 and a re  based on a random sample of 148,000 
dr ivers  with complete 36 month dr iver  records.  Additional da t a  w a s  
derived by quest ionnaire  on a small Sub-sample of  t h i s  t o t a l .  

The iden t i f i ca t ion  of accident-related t ra i t s  i s ,  of  course,  a sub- 
ject of much concern t o  everyone, pa r t i cu la r ly  t o  persons and agencies 
involved in dr ive r - r e l a t ed  a c t i v i t i e s .  Drivers l i cense  admin i s t r a to r s ,  
t r a f f i c  judges,  insurance underwriters,  s a fe ty  educators and d r ive r  
improvement personnel all ask: "If I knou c e r t a i n  information about a 
dr iver  (v io la t ion  record,  age,  e t c . ) ,  haw accura te ly  can I predic t  h i s  
accident involvement?" This type of question w i l l  be  explored here in ,  
with t h e  hope of i s o l a t i n g  re la t ionships  tha t  may prove to  have both theo- 
r e t i c a l  and practical s ign i f icance .  In  so doing, t h ree  s p e c i f i c  quest ions 
w i l l  be  posed for considerat ion:  

1. Does knowledge of a d r i v e r ' s  age, marital s ta tus ,  a rea  of 
residence,  physical  s t a t u r e ,  e t c . ,  increase our a b i l i t y  t o  
pred ic t  h i s  accident involvement? 

2.  -How do predict ions made from non-concurrent events d i f f e r  from 
those made from events occurring during the  same time i n t e r v a l  
(concurrent pred ic t  ions ) ? 

3 .  To what w t e n t  does data  not ord inar i ly  ava i l ab le  from the  
o f f i c i a l  d r iver  record f i l e  (e .g .  annual mileage, occupation, 
type of dr iv ing ,  nuaber of dependents, e t c . ) ,  increase  one 's  
a b i l i t y  t o  pred ic t  accident occurrence? 



METHODOLOGY 

Before presenting the  r e s u l t s ,  a few pages w i l l  be  devoted t o  a 
d e f i n i t i o n  of concepts, terms and methods r e l a t i n g  t o  the  da t a  ana lys i s .  
This methodological descr ipt ion w i l l  be  ra ther  b r i e f ,  s ince  both the com- 
pucer processing and s t a t i s t i c a l  analysis  (multiple regression) a r e  almost 
i d e n t i c a l  t o  those of Part  8 ,  where the matter was discussed i n  d e t a i l .  
The sampling design and data  c o l l e c t i o n ,  having been discussed In Parts  1 
and 2 ,  w i l l  not be repeated. 

Stated b r i e f l y ,  mult iple  regression analysis  i s  a technique for pre- 
d i c t i n g  the  frequency of an event (e.g. accident involvement) from a pool 
of  d a t a  describing a group of individuals .  A s  applied t o  accidents ,  t he  
outcome o f  t he  procedure enables one t o  estimate the accident-l ikelihood 
of an individual  or unified group by plugging the data  describing the 
individual  or group i n t o  a mathematical equation. The appropriate equa- 
t i o n  is i n i t i a l l y  obtained by a mathematical analysis  of i d e n t i c a l  da t a  
on a s imi l a r  group of individuals .  

For t h i s  study, data  comprising the  predictor var iables  (age, mar i ta l  
s t a t u s ,  v io la t ion  record, ecc .) and accident involvement record ( c r i t e r i o n  
va r i ab le )  were transcribed from each d r i v e r s '  o f f i c i a l  f i l e  record.  With 
t h e  a i d  of a generalized regression analysis  program and a Philco 2000 
series computer, t he  unique associat ion between each predictor var iab le  
and t h e  c r i t e r i o n  var iab le  (accident Involvement) was determined. 

The unique associat ion between t h e  predictor var iab le  and accident 
involvement is generated i n  the  form of weights (regression coe f f i c i en t s )  
which, when applied as mul t ip l i e r s  t o  the data  obtained from each d r i v e r ' s  
record,  produce an estimate o f  each d t i v e r ' s  accident involvement l i k e l i -  
hood. The coe f f i c i en t s  i nd ica t e  how many uni ts  the predicted accidents 
i n c r e a s e  fo r  every increase i n  t h e  units of a predictor var iable .  For a 
more complete discussion of t he  regression analysis  technique, t he  reader 
i s  referred t o  pages 7-10 of Par t  8 of t h i s  study. 

The f i n a l  regression equations a r e  presented separately for  males and 
females. The r a t i o n a l e  for separating the equations is  evident when recog- 
n iz ing  that-  t he  underlying relat ionships  between the  predictor var iables  
and accident  involvement d i f f e r  by s e x  (2) ; therefore ,  combining males 
and females would obscure meaningful r e l a t ionsh ips .  

Another important aspect o f  regression analysis  is t h a t  of cross- 
v a l i d a t i o n .  Cross-validation involves applying the equation t o  an 

4 
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independent group of  d r ive r s  and comparing the  predict ions thus derived 
for  each dr iver  with h i s  actual recorded accident  frequency. The purpose 
of t h i s  procedure is t o  der ive an unbiased est imate  of an equat ion 's  t r u e  
pred ic t ive  pmer or v a l i d i t y ,  which tends t o  be overestimated by the  
o r ig ina l  mult iple  co r re l a t ion  coe f f i c i en t  (R) . 

In order t o  achieve c ross -va l ida t ion ,  it w a s  necessary t o  s p l i t  the 
148,000 subject  sample i n t o  two groups -- an equation construct ion group 
and a va l ida t ion  group. 
equations were generated from the  construct ion sample and applied t o  the  
va l ida t ion  sample by each s e x .  

In a fashion similar t o  t h a t  of Par t  8 ,  the  

For the reader who is  already famil iar  with Par t  8 of the Driver 
Record Study, i t  should b e  noted tha t  Par t  9 d i f f e r s  in tn ree  important 
respec ts ,  and w i l l  b e  s t ruc tured  around these extensions: 

1. 

2 .  

3 .  

Additional var iab les  from the Division of Drivers License f i l e s  
have been included on a l l  d r ive r s .  (Defini t ions i n  Exhibit  A . )  

Data obtained from a quest ionnaire  was co l lec ted  (on a small 
sub-sample) and included as  a subsidary ana lys i s .  
Appendix A.) 

(Exhibit  C ,  

Non-concurrent re la t ionships  w i l l  be considered i n  addi t ion t o  
concurrent re la t ionships .  

t 

i 
I 



RESULTS AND FINDINGS 

The reader is referred t o  Chart I on page 6 where t h e  regression 
equations, predictor var iables  and mult iple  cor.re1ation.s a r e  depicted 
f o r  both concurrent and non-concurrent re la t ior iships .  
a l so  presented separately by sex. 

d i s t i n c t i o n  among the equations a r e  (1) concurrent v s .  non-concurrent 
r e l a t ionsh ips ,  (2) males vs .  females, (3) number of var iab les  and d i f f e r -  
ences i n  types of va r i ab le s ,  and (4 )  three year record v s .  one year 
record. All of  the equations represent va r i ab le s  which were found t o  be 
s i g n i f i c a n t l y  r e l a t ed  t o  accidents a t  the .05 l e v e l  of s ign i f icance .  
Those var iables  found not  t o  be  s i g n i f i c a n t  were dropped as  predictor  
var iab les  on successive computer runs unt i l  each regression equation 
included only s i g n i f i c a n t  va r i ab le s .  
parisons or' the  mult iple  co r re l a t ions  among the  categories  ?reviously 
mentioned, A discussion of t he  unique contr ibut ion of s p e c i f i c  var iab les  
i s  presented i n  Section B .  

The equations a r e  
It should b e  noted t h a t  the bases of 

Section A w i l l  be devoted t o  com- 

Section A.  Multiple Correlat ion 

Concurrent Prediction 

The mult iple  co r re l a t ion  coe f f i c i en t s  ( R ) ,  located near t h e  upper 
margin of equations LA and I B ,  a r e  .226 and .186 f o r  males and females, 
respect ively.  By squaring these c o e f f i c i e n t s ,  a measure of  t h e  percentage 
o f  v a r i a b i l i t y  i n  accident involvement explained by t h e  t o t a l  cont r ibu t ion  
of t he  predictor  var iables  is obtained. 
a b i l i t y  explained by the  var iables  i n  equations XA and I B  is 5 . 1  percent 
and 3.4 percent for males and females, respect ively.  One can s e e  t h a t  t h e r e  
i s  a higher r e l a t ionsh ip  for males than females which, i n c i d e n t a l l y ,  has 
been indicated i n  several  previous s tud ie s  (2 ,  3 ,  11). 

The percentage o f  accident v a r i -  

After a f i n a l  regression equation has been generated,  t he  v a l i d i t y  
or degree to  which it predicts  accident frequency is a most important 
topic .  Since the  mult iple  cor re la t ion  represencs the  m a x i m u m  c o r r e l a t i o n  
between the  weighted combination of independent var iab les  and a c r i t e r i o n  
measure (accidents) ,  t h i s  estimate c a p i t a l i z e s  upon any chance deviat ions 
t h a t  favor - high mult iple  co r re l a t ions .  Thus, any c o r r e l a t i o n  c o e f f i c i e n t  
computed on the same sample t h a t  w a s  used for generating t h e  regression 
equation may be  spuriously high. 
a r i s e  i n  a s i t u a t i o n  where the re  a r e  many var iables  and a comparatively 
small number of subjects .  To check for shrinkage, t he  regression equations 
were applied t o  an independent sample of dr ivers  and the  simple c o r r e l a t i o n s  
between the  predicted and ac tua l  accident frequencies of t h a t  sample were 

Highly i n f l a t e d  values a r e  prone t o  



CHAUT L 

REGT(ESSION EQUATION 8Y SETS OF ACCIDENT PREDICTOR VARIABLES 

I. Three year concurrent regrearion quaticma 

A .  n - G2.228 R - .2267 R2 - 5.11% ' 

Where Xl - one count COnViCCion8, $ - twa count convictiona, 5 - parring 
c o m i c t i o m ,  X& - right-of-vay conviction., X5 - 0quipl .n~  con- 
v ic t ionr ,  % - airce l lmeow technical convictionr,  X7 - non- 
COunt6bls convictionr, % - age, % - weight, XLo - w r f t a l  S t a t u .  
Xll-licmna rer t r icciona,  X12 - t r a f f i c  density 

B. Females n - 30,277 R - .la60 R2 - 3.46% 

Accidents - .173 + .126(X1) + .0581(X2) + .I%(%) + .0371(Xk) - .0258(X,) 
+ .0182(X6) - .0209(X7) + .0637(Xg) - .0000384(Xq) - .00Z7S(XlO) 
+ .0578(x11) + .0O0267(Xl2) 

moving F I A ' i ,  X2 - one count C O I l V i C t i O N ,  X, - No count con- 

vic t ions ,  Xb - right-of-way cmvict ioru,  X5 - turning, rtopping .nd 
signalling convictitma, X6 - r p o d  C O I I v h X i O N ,  X, - equippeat 
conviction., XI) - non-countable c o n v i c t i m ,  $ - bsa, Xl0 - h e Q h t ,  
%1 - muit.1 statu8, XIz - t r a f f i c  denri tp  

Where XI - 

11. &"concurrent ragraarioa mquacioru (Redictim of 1 pear from prior 2 year 
driving record) 

A .  n - 13,509 R - .I190 R2 - 1.42% 
Accidentr - .136 + . 0 3 1 7 ( 3 )  + .OUS(X+ + .omg(5) + .ozu(X,) + .0191(Xj) 

- .0000398(X6) - .00105(X7) + .0000730(Xg) 
* b 

Where 5 - FR accidonta, X2 - Qtp accidatt8,  4 * FR-CHP bccidentr, Xb - me 
count convictfuna, X5 - non-eountabla comrictlonm, X6 - age, 
X7 - height, % - t r a f f i c  d a u i t y  

8 .  Female4  n - 36,673 R - .0961 R2 - .924% 

- 
~~ 

Where XI - FR accidmta,  X2 - on. count convictionr,  X, - umrltal atatua, 
Xq - t r a f f i c  d m r i t y  



computed. 
re fer red  t o  as the construct  sample. 
s ion  equation is applied fo r  a determination of r e l i a b i l i t y  and v a l i d i t y  
of the regression equations w i l l  h e rea f t e r  be re fer red  to  as the  cross- 
val ida t ion  sample. 

The sample used to generate  the  regression equation w i l l  be 
The aew sample t o  which the regres- 

When the regression equations IA and IB were applied to  the c ross -  
va l ida t ion  group, no s i g n i f i c a n t  d i f fe rences  were found between the 
mul t ip le  cor re la t ions  derived from the cons t ruc t  and cross -va l ida t ion  
samples. These r e s u l t s ,  as shown In  Figure 1, ind ica t e  t h a t  the regres-  
s ion  equations a r e  va l id  r e l i a b l e  pred ic tors  o f  accident involvement. 

FIg. 1 A CCX?ARISOII Or WULT1PI.C C O R R M T I O N S  FOR CONSTRUCT 
SAMPLE AND CROSS VALIOAIION SAMPLE BY SEX 

(CoKurtmc prcdiccicn) 

r(.l*. 

F-lcr 

,2269 .2313 P> 0 . 0 5  

.1860 .1793 P> 0.05 

The amOunt of p r e d i c t a b i l i t y  is ra ther  disappoint ing and the  equa- 
t ions appear t o  have rather  l imited appl ica t ion  t o  the p rac t i ca i  problem 
of se lec t ing  the acc ident - l iab le  d r ive r .  
a t i o n ,  a descr ipt ion of how the  regression equation i s  t r ans l a t ed  i n t o  a 
usable screening device will be given. 

Before rendering a f i n a l  evalu- 

Since the accident phenomenon is measured as  a d i s c r e t e  va r i ab le  
(e .g .  0 ,  1, 2, e t c . ) ,  while the  values generated by a regression equation 
a r e  on a continuous sca l e ,  it I s  necessary t o  f ind an exact cu tof f  point  
on the regression sca l e  which best  discr iminates  between accident and 
non-accident involved subjects .  Individuals with values generated by the  
equation f a l l i n g  above t h a t  cutoff  point a r e  predicted t o  become involved 
i n  accidents ,  whereas those individuals  f a l l i n g  below t h i s  point a r e  pre- 
d ic ted  t o  be accident f ree .  There a r e  two kinds of errors in  making such 
predict ions,  namely: 
when he is not ( f a l s e  negative) or predict ing an individual  t o  be accident 
f r e e  when he is not ( f a l s e  pos i t i ve ) .  The percentage of e r rors  i n  making 
such predi%tions is indica t ive  of the p r a c t i c a l  e f f ic iency  of the  regres-  
s ion  equation. The following fourfold t a b l e  represents  the number of 
co r rec t  and incorrect  predict ions from regression equations IA and I B  
when applying an optimally efficient( ' )  cu tof f  point of .298 for  males 

predict ing an individual  t o  be accident involved 

(.)The cucoffs for the regression equation were Qlplrlcally selected in order t o  maximize 
che associacioa becween che pred ic ted  and act l~ .L ouccomes ( p h i  c o c f f i c i e n c ) .  
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and .194 fo r  females. In construct ing these t a b l e s ,  any males o r  fenales 
whose predicted accident value exceeded t h e i r  respec t ive  cu to f f  scores  
( . 2 9 8  and .194) were predicted to  have one o r  more acc idents .  

Pcrc en cng r Ptrccnragc 
cor r '.T c 118.2 7 7 . 2  correcc < . I . >  2 2 . 3  

For males, the proposed cutoff  would r e s u l t  i n  r e j ec t ing  or removing 
from the  dr iving population approximately 8,033 d r ive r s  i n  order t o  
reduce accident involvement by 2,669. For females, 2,942 d r ive r s  would 
b e  removed to  reduce accident involvement by 657.  (a) 
th ree  dr ivers  would be rejected pe r  accident involvement for  males and 
four dr ivers  would be rejected per  accident involvement for  females. 
Thus, the  equation is more e f f i c i e n t  i n  predict ing male accident  involve- 
ment than it  is i n  predicting female accident involvement. This f a c t  is 

This may seem surpr i s ing  i n  view of the  f a c t  t ha t  the  female predict ions 
a r e  more accurate  on an overa l l  percentage bas i s .  
of misc lass i f ica t ions  ( f a l s e  pos i t ives  and f a l s e  negat ives)  indicated by 
the  shaded areas  i n  Figure 2 average about ten percent l e s s  for  females. 
This ,  however, is me_rely a s t a t i s t i c a l  a r t i f a c t  -- a t t r i b u t a b l e  to  the 
f a c t  t h a t  females a r e  involved i n  f a r  l e s s  accidents than males and a r e  
therefore  more predictable  on a purely a .  p r i o r i  b a s i s .  In other  words, 
s ince  about 90 percent of the female dr iving population is  accident f r e e  
i n  any three  year period, one can be 90 percent cor rec t  i n  pred ic t ing  
t h e i r  accident involvement merely by predict ing a l l  females not t o  have 
an accident .  The corresponding accident f r ee  f igure  for males is  only 
8 1  percent ,  which renders them l e s s  predictable  on a purely "bl ind" basis .  

In other  words, 

a l s o  borne out by the  va l id i ty  coe f f i c i en t s ,  on the preceding page. (b 1 

That is, the percentage 

(a) In th i s  particular context, the auehors actual ly  mean "drivers,,involved in  accidents ,I' 
but for s implicity have used the phraae "accident involvement. Actually. had the 
contingency tables included each accident frequency as a category, the predictive 
e f f i c i ency  and accident reduction w u l d  have been increased. since f t  As easier co 
predict more extrema scores and each such successful prediction would save" cvo or more 
accidents. 

non-normal data. phi c o e f f i c l m c s  were computed from the fourfold cables.  Ln a l l  cases ,  
the phi coe f f i c i ent s  were s tae i s t i ca l ly  s ignif icant  beyond the ,001 l eve l :  
Haler phi - , 1 7 5 ,  Females phi - .035 

X 2  - 1275 X2 - 566 

(b)For the purpose o f  verifying the s ignif icance of  the  va l id i ty  coe f f i c i ent s  comouced on 



It is q u i t e  c l e a r  from Figure 2 and the  s i z e  of the  v a l i d i t y  coef- 
f ic iencs  that the p red ic t ive  e f f i c i ency  of the equations is low. Con- 
sequently,  they a r e  of l i m i t e d  u t i l i t y  t o  the  l icens ing  adminis t ra tor  , 
who m u s t  be concerned with both types of predict ion e r ro r s  -- f a l s e  
pos i t ives  and f a l s e  nega t ives .  That i s ,  l e g a l ,  s o c i a l  and public opinion 
considerations requi re  t h a t  t he  l icens ing  adminis t ra tor  not r e j e c t  l a rge  
numbers of po ten t i a l ly  "safe" appl icants  or pass Large numbers of "unsafe" 
o r  accident prone sub jec t s  (16) .  However, in  c e r t a i n  contexts one need 
only be concerned about f a l s e  pos i t i ve  e r ro r s  -- i . e .  passing subjec ts  
who a r e  po ten t i a l ly  unsafe. 
w r i t e r ,  who m u s t  determine whether a given appl icant  is a good r i s k  for  
a c e r t a i n  type of pol icy .  In  such a s i t u a t i o n ,  a more s t r ingen t  cu tof f  
score  could be appl ied i n  determining whether a subjecr is a "pass" or 
" f a i l . "  For example, ins tead  of "passing" a l l  males who achieve a pre- 
d ic ted  accident score  of .298 o r  l e s s  (as was done in Figure 2 ) ,  the 
underwriter might requi re  t h a t  an appl icant  score less than .loo t o  
qua l i fy  for  a c e r t a i n  type of po l icy .  This would r e s u l t  in  more subjec ts  
being f a i l e d ,  but those passed would b e  a much more s e l e c t  group -- one 
whose expected accident r a t e  was almost th ree  times lower than tha t  o f  
the group passed on the  bas i s  of the  .298 accident cu to f f .  

One such example is the insurance under- 

In ac tua l  p r a c t i c e ,  then,  t he  assignment of a cutoff  point is depen- 
dent upon the na ture  of t h e  problem, the  type of e r ror  one wishes t o  
minimize and the number of  p o t e n t i a l  appl icants  ( se lec t ion  r a t i o ) .  
s i t u a t i o n  where both types of errors ca r ry  equal weight, the  moat discrim- 
ina t ing  cu tof f  point  is a r r ived  a t  empir ical ly ,  and the  se l ec t ion  r a t i o  
concept ceases t o  be  a f a c t o r .  

In a 

Non-Concurr en t P r  edic  t ion  

The discussion up t o  t h i s  point has been concerned with concurrent 
pred ic t ion  or t he  r e l a t ionsh ip  of events occurring Cogether i n  the same 
i n t e r v a l  of time -- in t h e  above case,  1961-1963. However, the predic- 
t i o n  of accident involvement i n  one per ioa from tha t  of a pr ior  period 
is more relevant  t o  d r ive r  l i cens ing  agencies and insurance companies. 
I t  is o f t en  the  concern of these  agencies t o  estlmate the  fu ture  accident 
r i s k  of individuals  based on t h e i r  pas t  performance and c h a r a c t e r i s t i c s .  
One would expect the  r e l a t ionsh ip  i n  non-concurrent predict ion t o  be 
lower than that for  concurrent pred ic t ion  s ince  the behavior of the  
individual  and environmental s i t u a t i o n s  a r e  not occurring together over 
a segment of time. Also, i n  t he  non-concurrent equations presented here ,  
the  time period of accident  involvement t o  be  predicted is only one year, 
whereas the  concurrent equations were based on a three  year accident 
record.  The i n s t a b i l i t y  of 3 one year accident record compared t o  a th ree  
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year accident  record is discussed i n  de t a i l  in Par t  6 of the  Driver Record 
s tudy.  

The reader i6 re fer red  t o  equations IIA (males) and IIB (females) 
of Chart X for the  non-concurrent regression equations and mult iple  cor-  
r e l a t i o n s .  As i n  concurrent pred ic t ion ,  the squared mul t ip le  R's, 
a r e  g rea t e r  for males (1.02 percent) than fo r  females (0.92 percent) .  
The reader should a l s o  note that these mul t ip le  R's a r e  i n  f a c t  much 
lower than concurrent mult iple  R's.(*) 
non-concurrent R's, the regression equations were appl ied t o  the  cross- 
val ida t ion  sample. No significant d i f fe rence  between the  construct  and 
cross-val idat ion samples was found. 

In t e s t i n g  the  v a l i d i t y  of t h e  

Fig. 3 A COWARISOM 01 MULTIPLE WRR5ATIONS 
FOR CONSTRUCT S m E  AND CmSS VALIDATION SAMPLE BY SEX 

(?ion-concurrmt prodkcion)  

sa Conacrucc r 6 ~ l a  Cromm v a l i d a t i o n  Probabllicy 
r a p l a  

Males ,1190 .1121 P> 0.0s 

Fcsrles ,0961 .on59 e> 0.05 

These r e s u l t s  ind ica te  tha t  the  non-concurrent regression equations 
o f f e r  s t a t i s t i c a l l y  s ign i f i can t  pred ic t ive  techniques but are of l imited 
p r a c t i c a l  u t i l i t y .  (b) By u t i l i z i n g  these equations t o  p red ic t  accident 
involvement in  a manner similar t o  that discussed on page 8 ,  one can 
p a r t i t i o n  the  dr ivers  i n to  co r rec t ly  and inco r rec t ly  predicted accident 
ca tegor ies .  The fourfold t ab le  a t  the  top of page 11 depic ts  the rimer 
of d r ive r s  predicted t o  becvme accident-involved by the actual record of 
accident involvements using the  optimal cu tof f  points  of .135 and .083 
fo r  males and females respect ively.  

For males, 2,653 dr ivers  would be re jec ted  t o  reduce dr iver  accident 
involvement by 356. For females, 1,021 dr ive r s  would be re jec ted  to  
evidence a reduction in accident 8involvement of 73. I n  o ther  words, of 
those d r ive r s  predicted to  have one or more accident  involvements, 7 males 
and 13 females would be re jec ted  per  accident involvement. As was the 
case with concurrent predict ion,  the  predict ion formulae a r e  more e f f i c i e n t  
for males even though the overa l l  percentage of misc l a s s i f i ca t ions  is 
l a rge r .  Also, as s t a t ed  e a r l i e r ,  t he  e f f ic iency  of the  non-concurrent 

(a)Thir is due in part co che shorter crit8rlon interval used i n  the non-concurrent came as 

@)For the purpose of verff.llng the s l g o i f l c m c e  of che val id i ty  coef f ic ients  corpuced on 

w e l l  M ocher factor8 EO be dbcursed Later. 

non-nom1 data, phi coefficiencr were coopucad from the fourfold cables. In a11 C A S e S .  
the phi coe f f i c imcr  were seactrcical ly  s i g n i f l c m c  a t  che .OOS level: 
Males phi - .07S. Females phi - .038 

X2 - 233 x 2 -  u 
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predict ions is considerably lover for  both sexes than t h a t  achieved with 
the concurrent data .  Unfortunately, it is the  non-concurrent case which 
is most appl icable  from a p rac t i ca l  s tandpoint ,  s ince  t r u e  pred ic t ions  
a r e  inherent ly  non-concurrent i n  nature .  

These r e s u l t s  ind ica te  t h a t  accidents a r e  only s l i g h t l y  p red ic t ab le  
from dr iver  record var iables  alone. Even though the  equations amy have 
some appl ica t ion  i n  s i t ua t ions  where the se l ec t ion  r a t i o  can be l o w ,  they 
have only l fmited u t i l i t y  for  the motor vehic le  adminis t ra tor .  
ca t ions  of these r e su l t s  w i l l  be  discussed i n  more d e t a i l  i n  a later 
sec t ion  of t h i s  repor t .  

The impli-  

Section B.  Components of Regression Equations 

The reader is referred t o  Tables I and I1 for an inspect ion of t he  
i n i t i a l  and f i n a l  regression equations t o  be discussed i n  the following 
sec t ion .  In general  t e r m ,  the  f i n a l  equations represent  t he  weights of  
each var iab le  which contributed s ign i f i can t ly  t o  a predict ion of acc ident  
frequency. 
l ikel ihood of accident involvaPent, one would merely i n s e r t  values  from 
h i s  dr iver  record,  multiply each value by the  regression weight and add 
t o  the  constant term the product of a l l  var iab les  represented i n  the  equa- 
t i on .  The constant for  a given equation always remains the same, irrespec- 
t i v e  of an ind iv idua l ' s  dziving record. 
entered in to  the  equations should be within the range o f  values on which 
the  equation was constructed.  In  other  wordb, the  equation might not be 
appl icable  to  fourteen year old dr ivers  s ince  individuals  t h i s  young were 
not represented i n  the sample. 

To m e  them as  pred ic t ive  to018 i n  determining an i nd iv idua l ' s  

The dr iver  record data t o  be 

The reader may note t h a t  some of the regression coe f f i c i en t s  contain 
negat ive s igns .  A seemingly paradoxical s i t u a t i o n  may a r i s e  when the  
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simple c o r r e l a t i o n  (r) (@ between a va r i ab le  and accident involvement is 
p o s i t i v e ,  but the  v a r i a b l e  is negat ive i n  the  f i n a l  regression equation, 
and thus sub t r ac t s  from the  predicted c r i t e r i o n  score (accidents) .  When 
a v a r i a b l e  is combined with o the r s ,  complex re la t ionships  occur and a 
v a r i a b l e  may a c t u a l l y  ' 'take away" or reduce the  e f f e c t  o f  another,  and 
i n  some cases may wen change the  d i r ec t ion  o f  the re la t ionship .  
o f t en  d i f f i c u l t  t o  explain such phenomenon and speculate  as to  what events 
a r e  occurring i n  the  "real" world t o  produce the  various s t a t i s t i c a l  
r e l a t ionsh ips .  There are so mnny p o s s i b i l i t i e s  t h a t  fur ther  renearch 
and knowledge i n  the  a rea  a r e  of ten required for  a d e f i n i t i v e  assessmeat. 

It is 

The following discussion w i l l  be devoted t o  an analysis  of  some of 
t he  more important p red ic t ive  var iab les  and t h e i r  re la t ionship  t o  accident 
frequency, as indicated by the  appropriate  be t a  and regression coe f f i c i en t s .  
The regress ion  c o e f f i c i e n t  ind ica tes  the steepness (slope) and d i r ec t ion  
o f  t he  p red ic to r - c r i t e r ion  r e l a t ionsh ip ,  but does not r e f l e c t  the re la -  
t i v e  cont r ibu t ion  of each va r i ab le  i n  predict ing accidents .  Rather, the 
cont r ibu t ion  of each va r i ab le  is represented by the b e t a  coe f f i c i en t  and 
F r a t i o . ( b )  
of each va r i ab le  and, when squared, ind ica tes  the percentage of accident 
v a r i a b i l i t y  tha t  can be accounted for by a given independent var iab le .  
The F r a t i o ,  on the  other  hand, indicates  the degree of s t a t i s t i c a l  s ig -  
n i f i cance  one can a t t a c h  t o  the  re la t ionships .  

The be ta  coe f f i c i en t  is 8 measure of the unique contr ibut ion 

Concurrent Renr ess  ion  E u u a t  ions  

An inspect ion of Tables I and I1 reveals  t h a t  a one count conviction 
is by far the  most s t a t i s t i c a l l y  s i g n i f i c a n t  va r i ab le  i n  predicting 
acc idents  fo r  both males and females, as indicated by the F ratios. One 

count convict ions,  i nc iden ta l ly ,  a r e  based on t o t a l  incidents ra ther  than 
the sum of ind iv idua l  v io l a t ions .  That is, each c i t a t i o n  incident (court  
a b s t r a c t )  w a s  counted once, regardless  of how many v io la t ions  were c i t e d  
on it .  
absolu te  magnitude (see be ta  coe f f i c i en t s  i n  Figure 5 a t  the top of page 
13), t h e  one count convict ion var iab le  is highly s ign i f i can t  in a s t a t i s -  
t i c a l  sense ,  and its cont r ibu t ion  f a r  exceeds t h a t  of a l l  other var iab les  
i n  the  equation. 

Even though t h e  pred ic t ive  p w e r  o f  t h i s  var iab le  is small in 

__ 

The accident  pred ic t ion  p r o f i l e s  a r e  q u i t e  s imi la r  between males and 
females in t ha t  one count and non-countable convictions a r e  highly 
assoc ia ted  with accidents  compared to  spec i f i c  types of convictions. 

(.)The srpple corrclacion macricea are depicted in  Tables 6 and 7 for concurrent prdicc ion 

(b)An P rat io  i a  a sratfscical maaaure of the degree to which a variable is s igni f icant .  
and in Tablea 8 and 9 for nOn-concurrent prd ic t iona .  

For the smple s i ze  in th i s  study, m F W u l  to or greater than 3 . 8  is significant a t  
the .OS level of confidence. 

i 
1-- . _ _  
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There a r e  sex di f fe rences ,  however, in the  types o f  convictions which a r e  
r e l a t ed  to  accident involvement. For females Turning. s toupinx and si&- 
n a l l i n g  and Speed a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  although they con t r ibu te  
l i t t l e  beyond knowledge of one count convict ions.  Their respec t ive  pe r -  
centage contr ibut ions a re  only .026 and .046. On the  other  hand, Rinht- 
- of-wag and Pass* are s t a t i s t i c a l l y  s i g n i f i c a n t  pred ic tors  for  males, 
but with negl ig ib le  contr ibut ions of .012 percent and .004 percent.  
E a u i w m t  convlctions are s ign i f i can t  f o r  both moles and femnles. The 
existence of these sex in te rac t ions  supports t h e  use o f  sepa ra t e  equations.  
Otherwise, re la t ionahips  such as there  w u l d  have been obscured.. 

The reader may be surprised t o  f ind t h a t  speed convictions d id  not 
make a s t a t i s t i c a l l y  s ign i f i can t  contr ibut ion t o  accident  pred ic t ion  f o r  
males, s ince  this v io l a t ion  is the  subject  of much a t t e n t i o n  among 
safe ty  au tho r i t i e s .  
view of the f a c t  t ha t  speed convlctions arc the  p t e d d n a n t  component of 
one count convictions,  which in t u n  a r e  the  bes t  s i n g l e  predictor  of  acc i -  
dents.  How can such a s i tua t ion  arise? Since speed accounts f o r  a l a rge  
proportion of a l l  convictions,  it i s  highly co r re l a t ed  with one count 
convictions (r = .731). Because of t h i s  one f a c t  a lone,  the unique con- 
t r i b u t i a n  of speed convictions would be  reduced by the  inclusion of one 
count convictions more than would be the  other  conviction ca tegor ies .  
The f a c t  s t i l l  remains, however, that knowledge of P d r i v e r ' s  "speed 
record" does not increase the a b i l i t y  t o  es t imate  h i s  accident propensi ty ,  
whereas knowledge of other  aspects of his v i o l a t i o n  p r o f i l e  does increase 
one's a b i l i t y  t o  predict  accident involvement. It should not be in fe r r ed  
from t h i s  t h a t  speeding is a cmpLeteLy lnnocuow, v io la t ion .  It doe8 

appear, however, t h a t  c e r t a i n  othar recorded v i o l a t i o n  tendencies a r e  

mis finding may ream p a r t i c u l a r l y  paradar ica l  In 



more highly associated with acc idents ,  

The s igni f icance  of the non-countable conviction variable(') f u r t h e r  
supports the  hypothesis t ha t  v io l a t ion  of  t r a f f i c  l a w s  i n  general  is a 
key f ac to r  i n  accident involvement, i r r e s p e c t i v e  of the  nature  of t he  
v i o l a t i o n s .  The two count conviction va r i ab le ,  general ly  considered t o  
b e  the  most dangerous, is a lso  a highly s i g n i f i c a n t  predictor  of accident  
involvement for each s e x ,  but again the cont r ibu t ion  is small compared t o  

cne count and non-countable convictions.  The r e s u l t s  of Part 8 ,  i nc i -  
den ta l ly ,  indicated t h a t  the assignment of two points  to  these types of 
v i o l a t i o n s  adds l i t t l e  t o  accident pred ic t ion ,  and t h i s  f inding seems t o  
be  subs tan t ia ted  by the  present study. 
discussion of the l imi t a t ion  in assigning points  t o  various conviction 
ca tegor ies  is refer red  to  Par t  8 of the  Driver Record Study. 

The reader in te res ted  i n  a de t a i l ed  

Another highly s ign i f i can t  va r i ab le  €or both males and females is 
t r a f f i c  dens i ty .  This measure was based on the  r a t i o  of the number of 
vehic les  reg is te red  to  the t o t a l  number of l i n e a r  miles of roads and high- 
ways i n  the  county i n  which the dr iver  res ided.  
c e r t a i n l y  not a s u b s t i t u t e  for t o t a l  miles dr iven,  i t  is an important 
aspect  of exposure. 
expect on ana ly t i ca l  grounds, in t ha t  increased t r a f f i c  densi ty  is assoc i -  
a ted  with increased accident involvement. 

Although densi ty  is 

The d i rec t ion  o f  the  r e l a t ionsh ip  is what one might 

8 

Biographical cha rac t e r i s t i c s  such as age and mar i ta l  status were 
s i g n i f i c a n t l y  r e l a t ed  t o  accident involvenent for  both males and females , 
although the  percentage contr ibut ion indicated by the beta  coe f f i c i en t s  
w a s  very small. The young, s ing le  d r ive r s  tended t o  become more accident 
involved than the  o lde r ,  married d r ive r s .  
marital status is ,  of course,  a w e l l  e s tab l i shed  f a c t  (1, 2, 5 ,  9 ) .  Sur- 
pr i s ing ly ,  the  d r i v e r ' s  weight turned out t o  be pos i t ive ly  related t o  acc i -  
dent involvement fo r  males, whereas height w a s  inversely r e l a t ed  t o  accident  
involvement for fanales .  Why t h i s  should be t r u e  is  d i f f i c u l t  t o  a r r i v e  
a t  w e n  specula t ive ly .  The re la t ionships  a r e  very s l i g h t ,  however, and 
should be in te rpre ted  with caution. Another example of sex in te rac t ion  
concerns the  l i cense  r e s t r i c t i o n  va r i ab le ,  which is a s ign i f i can t  pred ic tor  
for  males but not for  females. The f a c t  t h a t  males with r e s t r i c t e d  l i c -  
enses have more accidents  than unres t r ic ted  males is a t  l e a s t  pa r t ly  due 
t o  the  f a c t  t h a t  persons with poor dr iving records a re  more l i k e l y  t o  be 
r e s t r i c t e d  by the  Department of Motor Vehicles in various manners. In 
o ther  words, a poor accident record can p r e c i p i t a t e  or "cause" the r e s t r i c -  
t ion.  

The s igni f icance  of age and 

(a)lXe non-countable convicrion variable LE defined a s  chc nmber of  times a person VIIS 
convicted o f  violation8 not councablc i n  accordance with rhc California Vehicle Code. 
Tha~a are primarily e q u i m t  and dscc l laneow technical violat ions.  



The e f f e c t  of each v a r i a b l e  has been discussed i n  terms of i ts  unique 
contr ibut ion t o  the  pred ic t ion  of accidents  i n  a three  year concurrent 
i n t e r v a l  of t i m e .  To determine how these  re la t ionships  hold up under 
conditions of  " t ruet '  p red ic t ion ,  =-concurrent re la t ionships  w i l l  be 

discussed in  the  next s ec t ion .  

Son-Concur r ent Renr es s ion Eauat ions 

In equations IIA and 113, i t  is  noted tha t  various types of reported 
accidents  a re  used as pred ic tor  v a r i a b l e s .  In non-concurrent r e l a t ion -  
sh ips ,  i t  i s  possible  t o  use  t he  same measure (accidents)  both as  a pre- 
d i c t o r  and c r i t e r i o n  measure s i n c e  they occur in two d i f f e r e n t  periods of 
t i m e .  In chis case ,  t h ree  independent accident categories  were i so l a t ed .  
The c l a s s i f i c a t i o n  of  an acc ident  i n t o  one of these  ca tegor ies  i n  some 
cases  may be a r t i f i c i a l ,  i n  t h a t  r a the r  secondary fac tors  may determine 
i ts  placemenr. The reader is r e fe r r ed  t o  Exhibit A f o r  a de t a i l ed  de f in i -  
t ion  of  these types o f  accidents  (FR and CHP and FR-CHP). 

A non-concurrent ana lys i s  a l s o  provides an opportunity t o  assess  the  
contr ibut ion of t r a f f i c  convict ions r e su l t i ng  from accidents .  Such i n c i -  
dents  have been termed "spurious" elements i n  p rev ious  parts of the  
Driver Record Study because t h e i r  inc lus ion  r e s u l t s  i n  an i n f l a t e d  cor-  
r e l a t i o n  between accidents  and c r t a t i o n s  which occur i n  the  same time 
in t e rva l .  (a) In  the  non-concurrent case, however, the paired accident-  
conviction can b e  u t i l i z e d  as a predic tor  va r i ab le  s ince  i t  did not occur 
i n  the same time i n t e r v a l  as t h e  accidents  which the  equation is attempt- 
ing t o  pred ic t .  

Another d i f fe rence  between the  concurrent and non-concurrent ana lys i s  
concerns the t r eamen t  of convict ion da ta .  Since the  conviction data was 

not coded by type for  each ind iv idua l  year, it was impossible to  use types 
of convictions as  predictor  va r i ab le s  i n  the non-concurrent case.  
l imited the non-concurrent ana lys i s  t o  four conviction var iab les  : one 
count convictions,  two count convict ions,  non-countable convictions and 
convictions d i r e c t l y  assoc ia ted  with an accident .  
gor ize  the convictions i n t o  s p e c i f i c  v io l a t ion  types for the non-concurrent 
analyses was not considered t o  be an important l imi t a t ion  s ince  cype o f  
v io l a t ion  data contr ibuted very l i t t l e  t o  the e f f ic iency  of the  concurrent 
predict ion equations (see f i g u r e  5 ) .  

This 

The i n a b i l i t y  to  ca te -  

As regards biographical  dara  (age, mar i ta l  s t a t u s ,  e t c . ) ,  the  con- 
cur ren t  and non-concurrent analyses were ident ica l  i n  the var iab les  

(.)The term "spurious" 88 used here refers Co c i ta t ions  vhich. vhilo being fully authentic.  
were the ?esulS o f  an accident i n v c s t i g a c i ~ ,  k a t e a d  of nOrUI4L craff ic  observacions. 
In othar vordr. they arc "accident cauned. 
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employed as predictors .  

Fig. 5 WQuL CONTRIBGTION Or SICNIFICAKI VARIABLES 70 THE 
PREDIflIOn Or ACCIDENTS - NOW CONCURRENT PREDICTION BY S E X  

(Peremcane - beca $ g u a r d  X LOO) 
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The r e s u l t s  o f  the non-concurrent regression analysis  a r e  depicted 
i n  Chart I and Tables 3 and 4 ,  while t h e  gercentage contr ibut ions of  t h e  
s i g n i f i c a n t  predictors  a r e  shown i n  Figur-;? 6 .  Consistent with t h e  con- 
cu r ren t  regression r e s u l t s ,  t o t a l  one count convictions proved t o  be  by 
f a r  t he  most s i g n i f i c a n t  and powerful accident predicror  fo r  males and 
females. As can be  seen from Figure 6 ,  t h e  percentage cont r ibu t ion  of  
a l l  o ther  var iables  is small relative t o  rota1 one count convict ions.  It 
is i n t e r e s t i n g  t o  note that the two count convict ion v a r i a b l e  does not 
appear a s  a s i g n i f i c a n t  predictor f o r  e i t s e r  s e x ,  which is i n  d i r e c t  con- 
t ras t  t o  t h e  concurrent analyses. It may a l s o  seem surpr i s ing  t o  many 
t h a t  t h e  ntnnber of  spurious elements per se (paired accident  conviction) 
f a i l e d  t o  make a s ign i f i can t  contr ibut ion t o  accident  predict ion for 
e i t h e r  s a c .  Thus, t h e  number of times a person was convicted of a t r a f f i c  
v i o l a t i o n  i n  connection with an accident is n o t  uniquely associated with 
h i s  f u t u r e  accident frequency, and does not increase  one 's  a b i l i t y  t o  
pred ic t  fu tu re  accident involvement. The non-countable conviction v a r i -  
a b l e ,  while s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h e  concurrent ca se  fo r  both males 
and females, is only s ign i f i can t  f o r  males i n  the  non-concurrent case.  

As w a s  t he  case  with the  concurrent analyses ,  these findings i n d i c a t e  
t h a t  a tendency t o  v i o l a t e  t r a f f i c  laws i n  general  is the  bes t  prognosti-  
c a t o r  of fu tu re  accident involvement. 
one-count conviction var iable  is perhaps due pr imari ly  t o  its higher 
frequency of occurrence which would tend co make i t  a more r e l i a b l e  and 
s t a b l e  index of a d r i v e r ' s  v i o l a t i o n  propensity.  
speculate  t h a t  a slmmation of a l l  convictions i n t o  a t o t a l  conviction v a r i -  
a b l e  might be a s  e f f i c i e n t  a s  t h e  mole molecular >reakdown used i n  t h i s  
study. Unfortunately, the form of t h e  data  d i d  not allow for a tes t  o f  
t h i s  hypothesis, as  it did i n  Par t  8 .  

The apparent s u p e r i o r i t y  of t he  

Again, one is tempted to  
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Turning now t o  t he  independent accident va r i ab le s ,  it can be  seen 
from Figure 6 t h a t  t h e i r  contr ibut ion t o  fu tu re  accidect predict ion,  
though s t a t i s t i c a l l y  s i g n i f i c a n t ,  is extremely small. Of the  th ree  acc i -  
dent types,  FR accidents a r e  the  most e f f i c i e n t  predictors  of fu tu re  
acc idents  for  both sexes. The most l i k e l y  explanation for t h i s  is t h a t  
property damage accidents (FR) occur much more o f t en  than the other  types 
and a r e  therefore  a more s t a b l e  measure of a d r i v e r ' s  ove ra l l  accident 
propensi ty .  The super ior i ty  of conviction da ta  over accidents as pre- 
d i c t o r s  of fu tu re  accidents is  cons is ten t  with previous s tud ie s  by these 
authors  and others  (3, 4 ,  11). 

From Chart 1 and Figure 6 ,  it can be seen t h a t  several  biographical 
v a r i a b l e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  predictors  but t h a t  t h e i r  contr  i- 
bution is r e l a t i v e l y  minor. 
sex upon the  r e l a t ionsh ips .  For females, only mar i ta l  s t a t u s  i s  s i g n i -  
f i c a n t ,  with s ing le  females tending t o  have more accidents .  For males, 
age and height a r e  s i g n i f i c a n t  f a c t o r s ,  i n  addi t ion t o  mar i t a l  s t a t u s .  
The d i r e c t i o n  of these r e l a t ionsh ips  ind ica t e s  that o lde r ,  t a l l e r  and 
a a r r i e d  males have fewer accidents than rhe i r  respect ive counterparts . 
The findings with respect t o  physical  s t a t u r e ,  i nc iden ta l ly ,  a r e  i n  con- 
t ras t  t o  t h e  concurrent analyses,  where only weight was s i g n i f i c a n t  for 
males and height s i g n i f i c a n t  for females. An i n t e r p r e t a t i o n  of these 
r e v e r s a l s  is d i f f i c u l t  and would requi re  considerable speculation t o  
produce even tentative hypotheses. 

Perhaps most notable  is t he  influence of 

The l a s t  va r i ab le ,  traffic dens i ty ,  is a s i g n i f i c a n t  predictor  for 
both sexes, w i t h  increased t raff ic  dens i ty  associated with increased 
accident  involvement. The t r u e  contr ibut ion of t r a f f i c  densi ty  i s ,  of 
course,  underestimated by t h e  da t a  s ince  t r a f f i c  dens i ty  is merely based 
on t h e  average densi ty  within each county. Thus, dr ive r s  res iding i n  t h e  
same county were assigned t h e  same value,  regardless  of where and i n  w h a t  
kinds of t r a f f i c  they ac tua l ly  drove. 

In concluding t h i s  sect ion on non-concurrent accident predict ion,  it 
must be frankly admitted t h a t  t h e  r e s u l t s  a r e  disappointing, i n  t h a t  only 
a small proportion of accident involvement could be  accounted for by the  
pred ic tor  va r i ab le s  represented i n  t h e  equations.  For reasons which w i l l  
be developcd i n  the  next s ec t ion ,  t h e  prospect of predict ing accident 
involvement is not qu i t e  as  hopeless a s  ;t may appear a t  t h i s  point i n  
the  a n a l y s i s .  
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DISCUSSION 

It may be r eca l l ed  t h a t  t h r e e  quest ions wefe posed in  t h e  Zntro- 
duction. 
of t he  study findings.  

These questions w i l l  now form t h e  b a s i s  for fu r the r  discussion 

1. Does knowledge of a d r i v e r ' s  age,  m a r i t a l  s t a t u s ,  physical  
stature,  e t c . ,  increase our a b i l i t y  t o  p r e d i c t  his accident 
involvement ? 

As waa t h e  case with Pa r t  8 ,  one count convict ions proved t o  
be by far t h e  m a t  powerful p r e d i c t o r  of accident  involvement 
for  both sexes. 
concurrent regression equations ( a l l  va r i ab le s )  were .226  and 
.186 for males and females respec t ive ly .  Compared with t h e  
Part 8 v a l i d i t y  c o e f f i c i e n t s  of 
a r e  s i g n i f i c a n t l y  higher i n  a s t a t i s t i c a l  sense, though, i n  
absolute  terms, t h e  increase  is s l i g h t .  Percentage-wise, t he  
gain i n  eff ic iency is less than one percent for both males and 
females. The major source of t h e  ga in  r e s ides  i n  the  age and 
mar i t a l  s t a t u s  and t r a f f i c  dens i ty  v a r i a b l e s ,  with other  bio- 
graphical  f ac to r s  playing a lesser role. Thus, t h e r e  is some 

bas i s  for weighting age and m a r i t a l  status when assigning neg l i -  
gent operator points or, say,  e s t a b l i s h i n g  auto insurance pre-  
m i u m s .  Whether the small gain is of  s u f f i c i e n t  magnitude t o  
warrant t h i s  added complexity, is, of course,  a decis ion for  
t he  program adminis t ra tor .  

The v a l i d i t y  c o e f f i c i e n t s  associated with the  

219 and .160, those of Pa r t  9 

2 .  How do predict ions made from non-concurrent w e n t s  d i f f e r  from 
those made from events occurring during t h e  same t i m e  i n t e r v a l  
(concurrent p red ic t  ions ) ? 

It was r ead i ly  apparent from t h e  r e s u l t s  t h a t  predict ions made 
on a concurrent basis were more accura te  than those made on a 
non-concurrent basis. A l a r g e  p a r t  of  t h e  super ior i ty  of t h e  
concurrent predict ions,  however, was due t o  the  longer c r i t e r i o n  
i n t e r v a l  ( t h ree  years vs.  one year)  employed on t h e  c m c u r r e n t  
data .  
measure of accident involvement, which i n  turn renders them more 
predictable .  Even had t h e  c r i t e r i o n  i n t e r v a l s  been of t h e  same 
length,  t h e  concurrent equation would have been more e f f i c i e n t ,  
s i n c e  it is able  t o  c a p i t a l i z e  on any circumstances and idio-  
syncracies which may be  

A Longer c r i t e r i o n  i n t e r v a l  r e s u l t s  in a more r e l i a b l e  

t o  events occurring i n  t h e  same 



I 

time in t e rva l .  With addi t iona l  var iab les  and a longer c r i t e r i o n  
i n t e r v a l ,  the  eff ic iency of the  non-concurrent pred ic t ions  would 
undoubtedly improve over t he  disappointing r e s u l t s  achieved i n  
the present study. Because of this;  the  reader should r e f r a i n  
from concluding that accident pred ic t ion  is as  hopeless as t h e  
Lou cor re la t ions  may have ind ica ted .  

3 .  To what extent does da t a  not o rd ina r l ly  ava i l ab le  from the  
o f f i c i a l  dr iver  record f i l e  (e .8 ,  annual mileage, occupation, 
e tc . )  increase one’s a b i l i t y  t o  pred ic t  accident  occurrence? 

Since the  number of var i ab le s  ava i l ab le  from d r ive r  record f i l e s  
alone is ra ther  l imi ted ,  the quest ion a r i s e s  as t o  what in f luence  
addi t iona l  var iables  might have on the  p r e d i c t a b i l i t y  of acc i -  
dents .  In order t o  r e f l e c t  on t h i s  quest ion,  a small p i l o t  
survey was undertaken in which a random sub-sample of 2,000 
dr ivers  was extracted from the  toca l  sample and contacted for 
addi t iona l  information (see Exhibit  C ) .  Of those contacted,  
useable responses were received for  536 males and 363 females. 
Because the respondent female sample w a s  involved i n  only 12 
accidents ,  it was conside-ed too unre l iab le  fo r  fu r the r  ana lys i s .  
Even the  male data  is bas d on only 45 accidents  and is there-  
fore  subject  t o  ra ther  la qe sampling va r i a t ion .  In add i t ion ,  
t h i s  questionnaire sample cannot be general ized t o  all male 
dr ive r s ,  since those rem: :riding t o  a quest ionnaire  may d i f f e r  
in c e r t a i n  respects from :hose who chose not  t o  respond. In the  
present study, no s i g n i f i a n t  d i f f e rence  was found between the  
groups on accidents or convict ions,  although t h e  convict ion d i f -  
ference approached the .LO level of confidence. Any b ias  
would generally suppress r e l a t ionsh ips ,  which would tend t o  make 
the multiple R obtalned from such a sample an underestimate of 
the  value which could have been obtained had a l l  subjec ts  res -  
ponded t o  the quej t ionnarte .  

The questionnaire responses for  males were subjected t o  a regres-  
s ion analysis  similar t o  t h a t  performed on the  t o t a l  sample. 
The I n i t i a l  and final eq.jations a r e  presented i n  Table 5 .  These 
r e s u l t s  c lear ly  ind ica t e  t h a t  var iab les  other  than d r ive r  record 
contr ibute  t o  accident predict ion.  
contributions of t he  s ign i f i can t  pred ic tors  c l a s s i f i e d  by source -- 
dr iver  record VI . que8 t ionnair  e. 

Presented i n  Figure 7 a r e  the  
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It is r ead i ly  apparent from Figure 7 t h a t  t he  questionnaire v a r i -  
ables  made a strong contr ibut ion t o  predict ing accidents .  In f a c t ,  they 
accounted fo r  Over 50 percent of  t h e  explained accident v a r i a b i l i t y .  
These f ind ings ,  of course, cannot be d i r e c r l y  cbmpared with those o f  t h e  
o v e r a l l  analysis, s ince  they are based on a one year concurrent accident 
frequency instead of a three-year frequency. 
viously mentioned Limitations,  i t  is c l e a r  t h a t  a number of non-driver 
record var iab les  are uniquely associated with accident frequency. 
more, t hese  add i t iona l  va r i ab le s  can be measured through conventional 
quest ionnaire  techniques with a degree of precis ion s u f f i c i e n t  for  a sub- 
s t a n t i a l  increase i n  accident p r e d i c t a b i l i t y .  Although t h e  50 percent 
increase  i n  p red ic t ive  e f f ic iency  is a t  bes t  only suggestive of t he  magni- 
tude one might expect i n  a l a r g e r  s tudy,  it provides a much more opt imis t ic  
outlook f o r  predict ing accidents than was indicated i n  the  Results sect ion.  

Despite t h i s  and the pre- 

Further- 

Now that the  study findings have been discussed i n  r e l a t i o n  t o  the  
t h r e e  introductory questions,  a more general  discussion of the r e s u l t s  is  
i n  o rde r .  This remaining discussion w i l l  center  l a rge ly  around t h e  themes 
of accident  p r e d i c t a b i l i t y  and accident  proneness. Why a r e  accidents so 
unpredictable and what implications do the study findings have for  a 
contemporary concept of accident proneness? 
r e l a t e d  quest ions,  the reader should consider the following: 

In  r e f l ec t ing  on these two 

1. An important consideration i n  any prediction study is t o  de t e r -  
mine the  s p e c i f i c  nature  of t he  pnenomenon represented by the 
equation and the  measurements associated with i t .  One can 
inrnediately see the marked l imi t a t ions  in  obtaining a measure 
of t o t a l  accident and v i o l a t i o n  behavior. A Large percentage 
of accidents -- p a r t i c u l a r l y  the  minor ones -- are  probably 
never reported and even a smaller percentage of t r a f f i c  v io l a t ions  
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2 .  

a r e  detected or c i t e d .  Consequently, t he  p red ic t ions  in t h i s  
study a r e  r e s t r i c t e d  t o  reported accidents  and de tec ted  v io la -  
t ions  Fn which the  d r ive r  w a s  c i t e d  and convicted.  Though 
reported accidents  and t r a f f i c  convict ions a r e  f a r  from a pe r -  
f e c t  r e f l ec t ion  of underlying d r ive r  behavior,  they are the  
meadure which is most meaningful t o  the  l i cens ing  adminis t ra tor ,  
s ince  his decisions m u s t  be based on o f f i c i a l l y  recorded i n c i -  
d e n t s .  The administrator is faced with making dec is ions  and 
developing programs baaed on information t h a t  is ava i l ab le  from 
dr iver  records.  However, because  t he  recorded da ta  is f a r  
removed from the  population of events t h a t  are occurr ing i n  t h e  
actual dr iving environment, t h e  regress ion  weights are r a the r  
l imi ted  ind ica tors  of t he  r e l a t i v e  importance of t h e  var ious 
f ac to r s  t o  dr iving performance. The forecas t ing  e f f i c i ency  and 
genera l i ty  of the  equations would increase  with a knowledge of 
the "near accident ,  " accident  s e v e r i t y ,  all v i o l a t i o n s ,  accident  
cu lpab i l i t y ,  and exposure, t o  n m e  a few. Though c o l l e c t i o n  of  
a l l  the  preceding data is Fmposs -ble frum a p r a c t i c a l  s tandpoin t ,  
the  purpose of t h i s  discussion 1 ;  t o  c l a r i f y  t h e  reason f o r  t h e  
low forecast ing e f f ic iency  b a s s  on t h e  d r i v e r  record d a t a  a lone.  

Empirical evidence and log ic  bot? suggest t h a t  accidents  a r e  
g rea t ly  influenced by fac tors  o c r s i d e  t h e  c o n t r o l  of the  sub jec t s  
comprising a given dr iv ing  population. In f a c t ,  t h e  very term 
"accidents" connotes r a n a e s a  ir chance. 
authors do not  necessarily m a t n  -hat an acc ident  cau be a capr i -  
c ious,  unlawful event, for one can t ake  a h s t  any acc ident  and 
conceive of a way Ln which a d r i v e r  could have prevented it .  
Even those which somehow seem completely independent of  ind iv idua l  
cont ro l  can of ten  be a t t r i b u t e d  t o  some deficiency i n  t h e  dr iv ing  
system -- o r  a t  l e a s t  a f a i l u r e  of t h a t  system t o  correspond t o  
the  "ideal" system. Obviously, such a concept of chance is too 
broad t o  be meaningful, and could u l t imate ly  lead  one t o  t he  
s te r i le  conclusion t h a t  t r a f f i c  accidents  a r e  caused by people 
who d r ive  ca r s .  The only mean1 q fu l  conception of chance is 
achieved by del imit ing the  term t o  t h a t  which is  measureable and 
exhib i t s  v a r i a b i l i t y .  With t h i s  r e s t r i c t i o n ,  any accident  v a r i -  
ation which is not associated with persistent, measureable d i f -  
ferences i n  individuals  and env-xouments is  defined as chance. 
Among pos s i b  1 e accident - r e l a  t e 4  person- c en t e r  ed t r a i t s  a r e  
va r i a t ions  i n  bas ic  personal i ty  s t r u c t u r e ,  va lues ,  a t t i t u d e s ,  
psychophysical skills, re f lexes  and perceptual-motor i n t eg ra t ion .  
Such va r i a t ion  would include both hab i tua l  ways of responding as 

By "chance,'' t h e  



w e l l  as reac t ions  t o  a typ ica l  s i t u a t i o n s  and s t r e s s .  
r e l a t ed  va r i a t ions  i n  exposure would cons i s t  of such var iab les  
a s  annual mileage, t r a f f i c  dens i ty ,  weather conditions and 
types of roads,  t o  name only a few. Variations i n  vehicles 
could a l s o  be conceived as  a type of exposure var iab le ,  s ince  
they a f f e c t  one 's  accident probabi l i ty  and are an aspect of 
environment . 

Accident- 

The concept of chance is an important one, s ince  it  places limita- 
t i o n s  on t h e  p r e d i c t a b i l i t y  and cont ro l  of phenomena. 
acc ident  involvement is influenced by random environmental and random 
person-centered f a c t o r s  (chance), it is not  pred ic tab le  even from a per- 
f e c t l y  r e l i a b l e  set  of predictor  var iab les .  Furthermore, s ince  a l l  
mcasurememt con ta ins  e r r o r ,  t he  mount of p r e d i c t a b i l i t y  is fur ther  
reduced by t h e  degree of u n r e l i a b i l i t y  inherent  in measuring the predictors .  
When one considers  t he  e r r o r  involved i n  measuring phenomena through 
ques t ionnai res  and dr iv ing  records,  combined w t h  t he  l a rge  amount of ran- 
dom v a r i a t i o n  inherent  i n  accident involvement it should not be a t  a l l  
su rp r i s ing  t h a t  a high degree of accident  prec = t i o n  is unattainable.  
Because of  t h i s ,  i t  is perhaps more meaningfu -0 evaluate t h e  merits of 
t he  acc ident  p red ic t ion  equation by comparing 'IS v a l i d i t y  (correlat ion)  
c o e f f i c i e n t  with the  estimated co r re l a t iona l  ,ling imposed upon pre- 
d i c t i a n  by t h e  na tu re  of t he  acc ident  phenume- * .  Toward t h i s  end, 
Newbold and Cobb have constructed an accident  a b i l i t y  model which gener- 
a t e s  ass estimated c o r r e l a t i o n a l  c e i l i n g  bewe  a given accident  d i s t r i -  
bu t ion  and a p e r f e c t l y  r e l i a b l e  p red ic t ion  eq Lon. Shawn below i n  
Figure 8 are t he  8mOunts o f  accident  predict ic  associated with the va r i -  
ous predic tor  equations expressed Ln r e l a t i o n  1 t he  theo re t i ca l  Newbold- 
Cobb c e i l i n g s .  

To the extent that 

i 

These p red ic t ion  r a t i o s  ind ica te  t h a t  a c: s iderable  amOunt of 



? 

c 
1 

po ten t i a l ly  pred ic tab le  accident v a r i a t i o n  remains unpredicted by the  
various equations,  pa r t i cu la r ly  i n  the  non-concurrent c8se. The last 
equation appears t o  be a r a the r  anoumlou~ exception, i n  t h a t  the  theo- 
r e t i c a l  c e i l i n g  has been exceeded. 
nature  of the  obtained mul t ip le  R r a the r  than t o  any s t range  and unique 
t a l e n t s  residing i n  the present  authors  ' approach. (a) 
naire-sample equation could have been cross-val idated aga ins t  an indepen- 
dent sample of dr ive r s ,  the obtained co r re l a t ion  coef f ic ienc  would 
probably have shrunk below its t h e o r e t i c a l  c e i l i n g .  

This ,  however, is due t o  the i n f l a t e d  

If t h i s  question- 

These r e s u l t s  a r e  encouraging and suggest t h a t  predict ion r a t i o s  
approaching one a r e  a t t a inab le ,  p a r t i c u l a r l y  fo r  concurrent predfccion. 
They a l s o  provide evidence for  a t  least a s t a t i s t i c a l  concept of accident  
proneness, in t h a t  some people are more l i k e l y  t o  be involved i n  accidents  
than o the r s ,  even with exposure (as  measured by annual mileage and t r a f f i c  
densi ty)  cont ro l led .  
should have dropped from the  equation as non-signif icant  cont r ibu tors .  I n  

all cases ,  howwer , a n d e r  of aon-exposure var iab les  were s i g n i f i c a n t l y  
associated with accident InvolvePent , p a r t i c u l a r l y  those most ind ica t ive  
of how a dr iver  dr ives  -- t he  v io la t ion /convic t ion  var iab les .  

I f  t h i s  were not the  case ,  a l l  non-exposite var iab les  

Furthennore, 

the s ign i f icance  of severa l  non-exposure var iab les  extended t o  the  non- 
concurrent case.  

Admittedly, the absolu te  q i t u d e  of t he  pred ic t ion  achieved here in  
is small and indica tes  that t h e  accident  cont r ibu t ion  of t he  accident-  
l i a b l e  dr iver  is a small one. However, t h e  exis tence of even small pre- 
dictable  re la t ionships  j u s t i f h a  continued research and t h e  development 
of optimally e f f ec t ive  programs geared toward the  i d e n t i f i c a t i o n ,  r ehab i l i -  
t a t i o n  and cont ro l  of a l l  d r i v e r s  who represent  s t a t i s t i c a l l y  g r e a t e r  
s a fe ty  risks t o  themselves and the  publ ic .  
Motor Vehicles w i l l  therefore  cont inue its research e f f o r t  i n  the areas  
of bas ic  dr iver  record r e l a t ionsh ips ,  and negl igent  dr iver  con t ro l .  
f u l l y ,  t h i s  e f f o r t  w i l l  r e s u l t  in important advancements t o  t h e  science 
of dr iv ing  behavior and its app l i ca t ion  t o  t h e  l icens ing  adminis t ra tors  ' 
decision-making functions.  

The Cal i forn ia  Department o f  

Hope- 

(~)Uales8 huge 0.nple .ires arc wad, che rpnple cotrelacion coefficimc i s  highly unstable 
vhm c0npuc.d on .xCre*ly s k n d  data. 
vhieh groat17 arrceded the theoretical  ceiling of the paracer. 

This could give ?Lire, by chance, to a cocificienc 
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Exhibit  A .  -DRIVER RECORD DATA DEFINED 

1. ACCIDENTS - Number of accidents  reported to the department during the  
year in  question. 

2 .  CALIFORNIA HIGHWAY PATROL ACCIDENTS (CHP) - &!lumber o f  above t o t a l  which 
were reported by/or t o  the  Ca l i to rn i a  Highway Pa t ro l .  This includes 
a l l  f a t a l  and in ju ry  accidents  and CHP invest igated property damage 
accidents ar.d property damage accidents  reported t o  the CHP by l o c a l  
au tho r i t i e s .  

which were reported i n  accordance with California Financial  Responsi- 
b i l i t y  law but which were not  reported by or through the CXP. 

3 .  FTNANCIAt RESPONSIBILIlY ACCIDENTS (FR) - Nuher of t o t a l  accidents  

4 .  

5 .  

6 .  

7 .  

8 .  

9. 

L O .  

11. 

12. 

13. 

14. 

15. 

16. 

1 7 .  

18. 

19. 

FR-CHP ACCIDENTS - Number of acc iden t s  which were reported both by 
CHP and by the d r ive r  repor t ing  i n  accordance with Ca l i fo rn ia ' s  
Financial  Responsibi l i ty  Law. 

ONE COUNT CONVICTIONS - Number of  convict ions which cont r ibu te  me 
point  toward an ind iv idua l ' s  negl igent  operator point  t o t a l .  This 
includes a l l  v io l a t ions  involving the  sa fe  operation of a w t o r  behicle  
as  defined i n  Section 12810 of the Cal i forn ia  Vehicle Code, with the 
exception of c e r t a i n  designated 

TWO COUNT CONVICTIONS - Number of convictions which count double i n  
the negligent operator  point  system: drunk dr iv ing ,  h i t  and run, 
reckless  dr iv ing ,  and dr iv ing  with a suspended o r  revoked l icense .  

two-point" v io l a t ions .  

MOVING FAIL TO APPEAR (mA) - Refers t o  a c i t a t i o n  for  a po ten t i a l ly  
countable t r a f f i c  v i o l a t i o n  i n  which the d r ive r  f a i l e d  t o  keep h i s  
signed promise t o  appear i n  cour t .  

NON-MOVING ETA'S - Number o f  uncleared 'Pailure t o  Appear" s tops  which 
a r e  for  non-moving v i o l a t i o n s  (F.e. f o r  non-countable v io l a t ions ) .  

NON-COUNTABLE CONVICTIONS - "bar of convictions which do not con t r i -  
bute toward a d r i v e r ' s  negl igent  operator count as defined i n  Section 
12810 of t h e  Ca l i fo rn ia  Vehicle Code. 

ACCIDENT CONVICTION (SPURIOUS CONVICTION) - The n d e r  of countable 
convictions which were issued upon completion of an accident i nves t i -  
gat ion.  

WARNINGS - Number of warning l e t t e r s  issued. 

LICENSE RESTRICTIONS - Number of r e s t r i c t i o n s  noted on l icense ,  e .g .  
m u s t  wear g l a s ses ,  daytime dr iv ing  only,  e t c .  

TRAFFIC DENSITY - Tota l  number of vehicles  reg is te red  + t o t a l  number of 
l i nea r  miles of roads and highways for each county. 

- AGE - Months (nearest  b i r thday) .  

HEIGHT _- Inches 

WEIGHT - Pounds 
RATIO - Height i weight - 
MARITAL STATUS - Coded a t  t ime of l a t e s t  renewal ( i f  married, marital 
s t a t u s  w a s  coded 1, i f  s i n g l e  coded 2) .  

TYPES OF CONVICTIONS - See following pages. 



Exhibit A (cont.) 
Seccions Fa l l fng  Under Various V i o l a t i o n  C a t e s o r i e s  

C a l i f o r n i a  HDtot Vehicle Code (1963 E d i t i o n )  

S oee d i ns 
22369 
22350 
22356 
22G00a 
22G00b 
22hOSa 

22406 
22G07 
22408 
22609 
22610 
22012 
22414 
23 109a 
23109b 

Maximum speed l f a i t ,  65 miles  p e r  hour .  
Unsafe speed f o r  p r e v d l f n g  c o n d i t i o n s .  
Maximum speed 7 1  mph, when s i g n  pos t ed .  
H i n i m u m  speed, impeding normal flow o f  t r a f f i c .  
,Xinimum speed, oelow signposted l i m i t .  
Znsafe speed ( s ignpos ted  f o r  c o n d i t i o n  of b r i d g e ,  s t r u c t u r e ,  
tube o r  tunnel) .  
Truck o r  t r a c t o r  exceeding 50 mph. 
Truck speed on downgrade, exceeding posted l i m i t .  
Passenger c a r  o r  bus cowing any v e h i c l e ,  exceeding 50 mph. 
Sol id  t i re  veh ic l e ,  speed r e s t r i c t e d  by u e i g h t .  
Metal t i re ,  veh ic l e  exceeding 6 mph. 
School bus, exceeding 45 mph wi th  passengers .  
Labor bus or t ruck ,  exceeding 45 mph with pas senge r s .  
Speed c o n t e s t ,  engage i n ,  a i d ,  o r  a b e t .  
Speed c o n t e s t ,  b locking or o b s t r u c t i n g  highway. 

T r a f f i c  S i g n s .  S igna l s ,  ?farkings 
21451a Green o r  Go, s h a l l  proceed but s h a l l  y i e l d  to v e h i c l e s  

l a u f u l l y  v i ch in  i n t e r s e c t i o n .  No U-turn un le s s  pe rmi t t ed  

ZlG53a 
21453b 

2 1 4 5 3 ~  

21G50 

2145 7a 
21457b 
2 1460a 

21060b 

2 146 1 
21062 
22650a 
22450b 
2 2 6 5 0 ~  
2245La 
22451b 
220521, 
22454 

by sign. 
Red o r  S top ,  v e h i c l e s  s t o p  a t  l i m i t  l i n e  or X-walk. 
A f t e r  scopping, may turn r i g h t  ( u n l e s s  sign posced) bu r  
s h a l l  y l e ld  t o  v e h i c l e s  Lawfully w i t h i n  i n t e r s e c t i o n .  
A f t e r  s topping,  may t u r n  l e f t  ( u n l e s s  s i g n  posted)  from 
one-uay t o  one-way street ,  but s h a l l  y i e l d  t o  v e h i c l e s  
on c ros s  street. 
Green Arrow, moke on ly  r e s t r i c t e d  movement i n d i c a t e d ,  y i e l d  
to  veh ic l e s  lawful ly  u l t h i n  i n t e r s e c t i o n .  No U-turn u n l e s s  
permit ted by s ign .  
Flashing Red, f a i l i n g  t o  s r o p  f o r .  
Flashing Yellw, proceed on ly  wlch c a u t i o n .  
Double s o l i d  l ines ,  d r i v i n g  to left  o f ,  excep t  driveway, 
i n t e r s e c t i o n ,  o r  U-turn. 
Solid-broken l i n e s ,  d r i v i n g  to l e f t  when s o l i d  l i n e  placed 
on r i g h t .  
T r a f f i c  c o n t r o l  s i g n ,  f a i l u r e  t o  obey r e g u l a t o r y  p r o v i s i o n s .  
T r a f f i c  concrol  s i g n a l s ,  a l l  t r a f f i c  t o  obey. 
Stop sign, f a i l u r e  t o  s t o p  ac l i m i t  line o r  crosswalk.  
Stop s ign,  f a i l u r e  t o  s t o p  where i n d i c a t e d  u i t h i n  i n t e r s e c t i o n  
Stop s i g n ,  f a i l u r e  t o  s t o p  a t  posted RR c r o s s i n g .  
Railroad c ross ing ,  f a i l u r e  to  stop f o r  s l g n a l  dev ice .  
Rai l road c ross ing ,  f a i l u r e  t o  stop f o r  human flagman. 
Railroad c ross ing ,  c e r t a i n  v e h i c l e s  mst s t o p .  
Passing school bus, s t o p  when red l i g h t s  f l a s h i n g .  

Turning. Stopping and S igna l l ing (a )  
22100a Right t u r n  a t  i n t e r s e c t i o n ,  improper p o s i t i o n .  
22100b L e f t  t u r n  a t  i n t e r s e c t i o n ,  improper p o s i t i o n .  
22101b Required turn,  f a i l u r e  t o  obey o f f i c i a l  s i g n .  
22101c Prohibi ted tu rn ,  f a i l u r e  t o  obey o f f i c i a l  s i g n .  
22102 U-turn i n  business d i s t r i c t ,  o t h e r  than a t  i n t e r s e c t i o n ,  

22103 U-turn i n  res idence d i s t r i c t ,  v e h i c l e  approaching u i t h i n  

22104 
22105 
(a)The 1w does not require that Suxions 22500, 22502, 22503. 22508 and 22514 be 

reporced t o  the Deparnnenc of HOCOC Vehic l e s .  If reporced, Seecion 22500h was 
t h e  only park ing  v io la t ion  which vas counted i n  decermining an individual's 
negligenc operator counc de the t h e  of t h i s  scudy. 
parking violacions are nor: repoetad KO the Department of Motor Vehicle#. 

- o r  opening i n  divided highway. 

200 f e e t .  
U-turn a t  Eire s t a t i o n  
U-turn a t  curve o r  grade,  v i s i o n  o b s t r u c t e d  wi th in  200 f e e t .  

i n  f r o n t  of  o r  using e n t r a n c e ,  

Generally speaking, ordinary 

I 
1 
I 



Exhibit A (cont.) 
2 1 7 1 1  Towed v e h i c l e ,  whipping, swerving, o r  f a i l i n g  t o  t r a c k  

21712 Unlawful r i d i n g  on p o r t i o n  not  incenaed f o r  passengers  o r  

21715 Passenger v e h i c l e ,  towing wre than  o m  o t h e r  v e h i c l e .  
21750 Over tak ing  v e h i c l e ,  f a i l u r e  t o  pass s a f e l y  t o  l e f t .  
21751 

.21752a 

21752b 

2 1 7 5 2 ~  Dr iv ing  lefr of c e n t e r ,  t r a v e r s i n g  i n t e r s e c t i o n  o r  RR 

21753 Overtaken v e h i c l e ,  no t  moving t o  r i g h t  on aud ib le  s i g n a l ,  

21754 
21755 
21756a 
21756b 
21756c 
21757 Pass ing  s t r e e t c a r  on l e f t .  
21758 

2 1759 Pass ing  an imals ,  s:op o r  reduce speed as necessary .  

p r o p e r l y .  

l oad .  

Overraking v e h i c l e ,  pas s ing  WichOUt s u f f i c i e n t  c l e a r a n c e .  
Dr iv ing  l e f c  of c e n t e r ,  when view l imiced  by curve  o r  h i l l  
c r e s c .  
Dr iv ing  l e f c  o f  cence r ,  when view l i m i t e d  by approaching 
b r idge ,  v i aduc t  o r  runne l .  

c r o s s i n g .  

o r  i n c r e a s i n g  speed. 
Pass ing  on r i g h t  when unlawful.  
Pass ing  on r i g h c ,  when unsa fe ,  or on shoulder .  
Pass ing  s c r e e t c a r  when r ece iv ing  o r  d i scha rg ing  passengers .  
Pass ing  s t r e e t c a r  a t  unsa fe  speed. 
Pass ing  t r o l l e y  coach a t  unsafe  speed. 

Pass ing  too s lowly  on g rade  (10 mph f a s t e r ,  complete pas s  
1 /4  mi l e ) .  

Righc-of-Way 
21800a 
21800b 
21801a 
21801b 

2L802a 
21802b 
2 1 8 0 2 ~  

2 1802d 
21803a 
21803b 
21804a 

21804b 

2 1 8 0 4 ~  
21805b 
21806a 
2 19 50 
21951 

21952 

Mai or 
1460 la  
20001 
20002a 
20002b 
20007a 
23101, 

P .C.  367e 
23102a-, 

P.C. 367d 

23103 
23104 
23105 
23106 
2 3 108 
P . C .  192.3 

Uncontrolled i n t e r s e c t i o n ,  y i e l d  t o  f i r s t  v e h i c l e  w i th in .  
Uncont ro l led  i n t e r s e c t i o n ,  y i e l d  to v e h i c l e  on r i g h t .  
L e f t  t u r n s ,  y i e l d  u n t i l  reasonably  s a f e .  
F a i l u r e  t o  y i e l d ,  t u rn ing  v e h i c l e  having y i e lded  ( l a n e  by 
Lane) . 
Ente r ing  rhrough highway, y i e l d  u n t i l  reasonably  s a f e .  
F a i l u r e  co y i e l d ,  by v e h i c l e  p re sen t ing  a hazard .  
Proceeding from s t o p  s i g n  o r  f l a s h i n g  red ( w i t h i n  in te r -  
s e c t i o n ) ,  y i e l d  u n t i l  reasonably  s a f e .  
F a i l u r e  t o  y i e l d ,  by v e h i c l e  not  a hazard .  
Yie ld  s i g n s ,  y i e l d  u n t i l  reasonably  safe. 
F a i l u r e  t o  y i e l d ,  by v e h i c l e  not a hazard .  
P r fvace  p rope r ty ,  d r i v e  o r  a l l e y ,  y i e l d  co approaching 
v e h i c l e s .  
L e f t  t u r n  i n t o  p r i v a t e  p rope r ty ,  d r i v e  o r  a l l e y ,  y i e l d  u n t i l  
reasonably  safe. 
F a i l u r e  t o  y i e l d ,  t u r n i n g  v e h i c l e  having  y i e lded .  
Eques t r i an  c r o s s i n g s ,  f a i l u r e  co y i e l d  by d r i v e r .  
Emergency v e h i c l e s ,  o t h e r  d r i v e r  f a i l i n g  to  y i e l d .  
Crosswalks, f a i l u r e  t o  y i e l d  to p e d e s t r i a n s  wi th in .  
Crosswalk, ove r t ak ing  and pass ing  v e h i c l e  stopped f o r  
p e d e s t r i a n  wirh in .  
Sidewalk, f a i l u r e  t o  y i e l d  t o  p e d e s t r i a n  on. 

Driv ing  p r i v i l e g e  suspended or revoked, d r i v i n g  when. 
H i t - run ,  i n j u r y  or  dea th ,  Fnmcdlate r e p o r t  of f a t a l .  
Hi t - run  proper ty  damage. 
H i t - r u n  p rope r ty  damage, by runaway v e h i c l e .  
Hi t - run ,  unattended v e h i c l e  damaged. 

I n t o x i c a t e d  d r i v e r ,  caus ing  i n j u r y  t o  o t h e r  than  self .  

Under in f luence  of a l c o h o l  ( o r  combined v i t h  d r u g ) ,  d r i v i n g  
on highway. 
Reckless d r i v i n g ,  no i n j u r y .  
Reckless d r i v i n g ,  caus ing  i n j u r y .  
Narcotics, d r i v i n g  under In f luence ,  o r  by a d d i c t .  
Other drugs ,  d r i v i n g  under in f lucnce .  
Dangerous drugs ,  d r i v i n g  under in f luence  caus ing  i n j u r y .  
Manslaughter. 



Exhibit .I (con t . )  

22106 
22 10 7 
22108 
22 109 
22111 
22112 
22500a 
22500b 
7 2 5 0 0 ~  
22500d 
22500e 
22500f 
22500q 
22500h 
22500i 
22500j 
22500k 
22502 
22501a 
22505 
22510 
225 14 
22515 
22517 
22520 

Eau i pme n t 
24002-27907 

Dr iv ing ,  
2 1650 
21651 

21652 

21653 
21651 
21655b 

2 1656 
21657 
21658a 

21658b 

22659 

21560 

21661 
21662 
21700 
21702a 
21702b 
21703 
2 170La 
21705 
2 1706 
21707 
21708 
2 1709 
21710 

S t a r t i n g  o r  backing when unsafe .  
Unsafe t u r n ,  and/or  wi thout  s i g n a l l i n g .  
Turning wlchouc s i g n a l l i n g  Last LOO feec. 
Stopping suddenly wi thout  s i g n a l l i n g .  
Hand s i g n a l s ,  improperly g iven .  
School bus s i g n a l s ,  misuse by bus d r i v e r .  
Parking unlawful ly ,  w i t h i n  i n t e r s e c t i o n .  
Parking u n l a w f u l l y ,  on c rosswalk .  
Parking unlawful ly ,  a d j a c e n t  co s a f e t y  zone. 
Parking unlawful ly ,  w i t h i n  15 f e e t  o f  f i r e  s t a t i o n  driveway. 
Parking unlawful ly ,  b locking  any dr iveway.  
Parking unlawful ly ,  on a s idewalk .  
Parking unlawful ly ,  b locking  e x c a v a t i o n .  
Parking unlawful ly ,  double  park ing .  
Parking u n l a w f u l l y ,  i n  posted bur l o a d i n g  zone. 
Parking unlawful ly ,  i n  tube o r  r u n n e l .  
Parking upon any b r i d g e ,  u n l e s s  pos ted  t o  permi t .  
Park p a r a l l e l  on r i g h t ,  a n d / o r  w i t h i n  18" i f  curbed.  
Stoppinq o r  park ing ,  on roadway o u t s i d e  c i t y  limits. 
Parking on s ta te  highway where s i g n  pos ted .  
Parking i n  snow a r e a s ,  when s i g n  pos ted .  
Fire hydrant ,  park ing  unat tended v e h i c l e  w i t h i n  15 f e e t .  
Unattended v e h i c l e ,  motor running and/or  brakes not  se t .  
Vehicle  doors .  opening t o  t r a f f i c  . h e n  unsafe ,  l eav ing  open. 
Stopping o r  park ing ,  on freeway having  f u l l  c o n t r o l  of 
access  and no c r o s s i n n s  a t  g rade .  

The v e h i c l e  code s e c t i o n s  under  c h i s  ca tegory  are COO 
numerous to List i n d i v i d u a l l y .  I n  g e n e r a l ,  they relate co 
inadequac ies  o f  l i g h t i n g  and braking  equipment,  windshields  
and m i r r o r s ,  smog d e v i c e s  and exhaus t  systems. Loading 
r e g u l a t i o n s  a r e  also subsumed under  c h i s  c a t e g o r y .  

Overtaking and Pass inq  
Right h a l f  of roadway, f a i l u r e  to d r i v e  on. 
Divided highways, d r i v i n g  to l e f t ,  o v e r ,  o r  a c r o s s  d i v i d i n g  
s e c t i o n .  
S e r v i c e  road ,  e n t e r i n g  o r  l e a v i n g  a d j a c e n t  highway from 
ocher  than  lawful  opening. 
One-way s t reet ,  d r i v i n g  a g a i n s t  t ra f f ic .  
Slower v e h i c l e  I n  l e f t  l a n e ( s ) .  
Slow v e h i c l e s  (22106-22114) u s i n g  l e f t  l a n e ( s )  , o r  pass ing  
i n  l a n e  o t h e r  t h a n  a d j a c e n t  t o  r i g h t  l a n e .  
Slow v e h i c l e ,  f a i l u r e  t o  use s i g n p o s t e d  t u r n o u t .  
Off -center  l a n e s ,  f a i l u r e  t o  obey s i g n s  d e s i g n a t i n g .  
Laned roadways (2 o r  more l a n e s  i n  d i r e c t i o n  of t r a v e l ) ,  
s t r a d d l i n g  o r  changing when u n s a f e .  
F a i l u r e  t o  obey d i r e c t i o n s  o f  a craff ic  d e v i c e  on a d iv ided  
roadway. 
3-Lane highway, d r i v i n g  i n  f a r  l e f t  l a n e ,  o r  u s i n g  c e n t e r  
l a n e  when unsafe .  
Meeting v e h i c l e s ,  f a i l u r e  t o  pass  t o  r i g h t ,  and/or  y i e l d  
h a l f  o f  roadway. 
Descending narrow grade ,  y i e l d  t o  ascending v e h i c l e .  
Mountain d r i v i n g ,  keep t o  r i g h t ,  sound horn when r e q u i r e d .  
O b s t r u c t i n g  d r i v e r ' s  view, o r  c o n t r o l ,  by passengers  o r  load.  
Dr iv ing  hours--Persons,  no t  t o  exceed 10 hours .  
Driving hours--Property,  not  t o  exceed 12 hours .  
Following too c l o s e l y ,  n o t  reasonable  and prudent .  
Dis tance  between t r u c k s ,  500 f e e t  on 2- lane highway. 
Caravan, main ta in  a t  l e a s t  100 f e e t  d i s t a n c e  between v e h i c l e s .  
Fire department  o r  p o l i c e  v e h i c l e s ,  fo l lowing  w i t h i n  300 f e e t .  
Fire a r e a ,  o p e r a t i n g  v e h i c l e  w i t h i n  t h e  block o r  300 f e e t .  
F i r e  h o s e s ,  d r i v i n g  o v e r  unpro tec ted .  
Safe ty  zone, d r i v i n g  through.  
Coast ing,  i n  n e u t r a l  o r  downgrade. 

t 
I 
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Exhibit  D 

I 
I A 

~ e c t i o n  I lola c :on 

197 2 C  Wans lduPh t - r  
367d PC d runk  d r l v i n t -  
3670 DC l N n k  I r l V l I I P  l n j .  

?RCO O f f i c e r ' ?  z i c n a l  
(no 7ed. o r  P ~ I U I ~ . )  
'401 ? i r w " ' r  s i g n a l  
(no oed. o r  e w i p . )  

viol i t i o n  o f  r e s t r .  
violation or  r e g t r .  
v l o l a t l o n  of  r e s t r .  

F i 9 U Y E i  0:' 2icenz.e  

%Y 
l t L 5 7  
2 601 ~ r i v - s u s ~ . . ~ e v .  
_ i L r  10 

20001 HhR-dea th ,  i n j .  
ZOO02 HhR-proo. dnmare  
70007 H a - u n s t t m d .  veh. 

j l L 5 l a  
<1L5Za 
ZlLS3a 

5 

: lL57a 
5 

21Lhl-21L62 
ZlLSV-21LCO 

(no ned.) 

21650 
Z1$5& 
71<>5. 
21'953 
2165L 
21655 
.'lA5h 
21657 
z i 6 M a  

b 
? l C 5 9  
21660 
71 661 
?1662 

i17co 
21707 
2 1703 
21701, 
Z1705 
21?06 
XT? 
11709 
21709 
71710 
2 1 7 1 1 ( a c c )  
21712 

y l e l d - g r t e n  

limit l a n r - s t o o  
rt. t u r n  on r e d  
l - - a y  c u r n  on r e d  
y i e l d - v c e n  a r r o w  

f l .7  sn i n c  r e d -  5C o p  
f l q s h i n r ? .  y e l l o w  
c v e r  d o u o l e  l i n e  
obey  c o n t r o l  d e v i c a  

y i e ld -ye l lOW 

f r o n r  . i d e  o f  r u l d  
rroni? ; i d e - d l v .  h v .  
a -onn  w i c r n n c c - h y .  
M r o n r  s i d e - 1  r a y  
wronv k n e f n o t o a s s . )  
wronc  Lane-cr .  , tr.  
LOO s low;  oull o v e r  
o f f - c e n t e r  l a n e  
sc rir!d 1 ing-mn rk*d  
slcu t r e f f l c  lane 

s t r a d d l i n g - u n n s  r k d  
y i e l d  Co a s c e n d i n g  
uronc s lde -me .  d r i v .  

o b s t r u c t e d  view 
r o r c l i l  h o u r s  
f o l l o w i n r  COO c l o s e  
t o o  c l o s e - t r .  : ra i l .  
L O O  c l o 3 r c ~ r a v a n  
too c L o s e - I i r e  veh. 
i n c e r .  -Elre a r e a  
d r i v .  o v e r  f l r e h o s e  
t h r u  s 3 f e c y  zone 
c o . i s c l n c  on  p r a d e  
towed veh. swervinp,  
u n l a l f u l  r i d i n p  

y i e l d - m i d d l e  l i n e  

NOT&: Do not c o u n t  o v n e r ' r ,  
r e s  n o n s i  b l 1  it y : LOOOO-LCO 

I 

i 

3ect:on ;i?l 1t:on 

2175Cl 
21751 
2175i 
21753 y i e l d  if a v e r t a k e n  
2175L imoroc-r 3 4 3 s .  
21757 i m p r o p e r  ?ais.  on n. 

dronq  sass. 3tr. c 3 r  -1756 
. r vn r  nass. s c r .  c a r  21757 

21753 j t o w  ~ . i r ,s .  on  w a d e  
"-onq o a s s .  q n i m i l s  21759 
y i e l d - a t  t n c e r s a c t .  2lqCOa 
vie1.i-to c a r  a t  r i e h c  :1wccS 
yisLd-r.-nen c u r n i n e  ?1931 

21?32 v 10 i d  - c n ru n i ;?*a y 
71?C'3 L i e l a - y i e l d  3 i . y  

y i + i d - a l l  ey , J r ive . - ay  ::WL 
y i e l d - h o r s e b a c k  r i d e r  217S5b 

21:O6a y ie ld -oma  r e e n c y  Veh. 

yield-r-o : e d . ( c r s w l k )  
y i e l d - o t r .  scouped v e  

c u s t z n <  I n  
n a y s i n g  c l e a r - 1 0 0  f t .  
p a s s .  on wad- r r  

?:?5G 
2 1 ? 5 1  
:;75.: , r l e i d - r ?  ? e d . i r d w l k )  
fL"SLS ; i r e  !f pad.  y i e l d s  
.2100a  rr . .  ' .urn-r t .  Lane 

:ai: turn-left !.,ne 
:;lo1 : u rns -ooey  m a r k e r s  
22102 U rums:  3uazness 
I 2 1 C 3  U t l i r n s :  r e s i d e n c e  

U :urns: f l r c  9 2 . 7 ~ .  
~ 2 1 G 5  U t u r n s :  c u r v e ,  - r a d e  

sc?rc:nc o r  5-ncxinc 22106 
22107 u n s a f e  t u r n - a i m a l  
22lCS F i v e  s i r n a l  , lOOfc. 
22109 stop i i q n i l l  
22110 s i r n a l  d e v l o  ?%. 
:2111 hand siyn-11s 
27?L9-27?63 spe.-d 13t.r 
?:LO? coo slow 
221.C 5 b r i b K e s ,  b t c .  
22L06 s o e ~ d - t ~ ~ k s ,  :?l. 
72LS7 t r u c k s ,  t rl -d 3sc. z r d .  
::Lc3 speed-cowing 
::I.:: 5 pe,rd-i  i f t  ci) rri e rs 

22L50 $cop sign 
27L51 s t o p - t r a i n  s i g n a l  
ZZL52-22L51 s c o p - r r  c r o s s i n y :  

22L 5 5 
2Z5CG(h) d o u c l c  p -wkinp  
Z517 o r e n l n o  d r s .  on c r a f ,  

3 

i Z l C 4  

2 x 1 2  3 pe+d - 5 c hoo 1 bus 

?2L51. stoo-par?. s c h o o l  bus 
a t o p - r r :  trucks,  hu3 

-:1(?1 f e l .  d r .  d r i v . - i n j .  
!:lo2 d r u n k  d r l v i n r :  

r e c k .  d r . - c roo .  dam. 3101 

?lo5 n a r c o c  i cs  

3 109 r i c i n c  
325J  v . ?h lcu la r  c r ? s s i n y  
m a  l o v e r e d  veh. 
1.109 l i p h t s  

6L57 a t o p o i n c  9P.-lOSds 

J10L r e c k .  d r . - i n J .  

o t h e r  t h a n  n a r c o t i c s  
a a n p e r o u s  d m r s  

6100 brdKes  
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Appendix A.-DERIVED QUESTIONNAIRE SAMPLE DATA 

The following var iab les  a r e  based on the  da ta  co l lec ted  from the 
ques t ionnai re  but the sca les  of measurement a r e  not dependent upon a di:ect 
r a t ing  by the  respondent. 

1. Occupation - Several s tud ies  have establ ished tha t  individuals  in  
c e r t a i n  occupational ca tegor ies  have a nigher accident and vio- 
l a t i o n  r a t e  than individuals  i n  ocher occupational ca t egor i e s .  
This could be due t o  the  c h a r a c t e r i s t i c s  of individuals  s e l ec t ing  
c e r t a i n  occupations and/or the na ture  of the occupation i t s e l f .  
In an attempt t o  measure these underlying f ac to r s ,  severa l  d i f -  
f e r en t  techniques were used to  dimenison the character  r s c i c s  t ha t  
seemed to  discr iminate  among individuals  i n  d i f f e ren t  o c c w a t  1on.s. ' 

Each occupation was ra ted  on the  following sca les  (a-d).  

a) Power Scale: The degree t o  which an individual o r  group in 
an occupational c l a s s  wields economic and p o l i t i c a l  power. 

b) Social  Seoutation: The l ikel ihood of a person i n  t h i s  occupa- 
t i o n  being soc ia l ly  accepted and reputable.  

c) In te l l igence :  The l ikel ihood of a person i n  t h i s  occupation 
having a high in t e l l i gence .  

d) Social  Contact: The l ikel ihood of a person i n  t h i s  occupation 
enjoying a large amount o f  s o c i a l  contact .  

2 .  Date Received: The numoer of days which elapsed between the time 
the  f i r s t  questionnaire was sent and da te  which the completed 
quest ionnaire  was received was considered a var iab le .  This da ta  
was co l lec ted  t o  determine whether individuals who returned :heir 
quest ionnaires  more rapidly tended t o  have be t te r  accident records.  



INITZAL ZQUATION 

F I L M  EQUATION(b) ~ 1A 

One counc c o n v ~ c c ~ o n r  .................... 
Tvo counc convlccions. ................... 
Passicq conviccionr ...................... 
Rlqhc-of-way conviccrona.. ......... 
Esui,m”c convicciarr.... ................. 
f l r rcc l lanmw CuhnicaI convicctuns.. ..... 
Xon-councable comicclons. .  ............... 
Age ....................................... 
Ucighc .................................... 
Uaricai scac  us......... 

License rescriccions ..................... 
Traf f ic  d.nslLy... ........................ 

.................... M counc convicclons. 

j i g n a i l r l g n  cOnV1cK~ms.. ................. 
Pairing convlccion,.. 

qignc-of-war convicclona.. ... 

Turning, icopplnl  and r tgna l l ing  

..................... 

.063523 

,061175 

,030385 

,021079 

- .010586 

- ,0076815 

.061109 

- . 0 0 0 0 9 ~ 2 ~  

.0021353 

.013078 

,018667 

.00036710 

,097103 

- .010410 

.02Iut5 

.OlIr078 

Conacanc cern - ,081813 1 
( a ) P  racio of 1.84 r.gu1r.d for  r l g n l f i c m c e  AC .05 1w.L. 

........................... 

................. 5arLcal scacur..  .. 
Licenre rercrtccronr ...................... 
7raff ic  densicy ........................... 

( b ) A l l  verlables srgnlficanc bsyond .05 1mel. 

.00703kL 

- ,0030552 

,013092 

. 0 18688 

,00036688 

a . ~ i~r i t l  

0.3&3b5 

19.768 

2.2379 

o .&a23  7 

l .b l72  

0.45229 

0.17002 

3 . k ; l l O  

0.106LL 

I.bi81 

1. NO0 

:c..91z 

3.3710 

0.36900 

3 .JS931. 

0.15296 

1.1102 

2.5069 

43.911. 

3 .a7811 

197.U 

L.51.12 

4 .0069 

I .  2bl8 

1 .I096 

I .0021 

ik .  210 

9.2085 

1.0521 

1.10u2 

2.&967 

lAIr.357 

3.6753 

c .  5 0 2  

: . s y a  

i . : ? i  

0 . 7 1 1  

5 . 1 7 s  

.oo ,304 

:i.jod 

i .-a0 

1 . s o z  

0 . 0 l i  

L . i j 1  

10.050 

i 7b , 2 2 6  

3.5:: 

701.‘.oY 

18.21.J 

10.0?2 

5.001 

5 . 2 5 5  

..ozu 

97.112 

3b.Yl7 

“ . ? ? I  

i . i 4 s  

10.015 

177.vZJ 

!I.. 7 “ :  



rmnu. EQuno* 

!bvlru R A ' s  .............................. 
...................... ' h l - ~ l ~  n A ' 8  

One COMC convicclona ..................... 
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Table 5.-RLrmrS ONE Y U R  COrrrmRLRI RECUSSION EplUnOnS .. Q ~ S T I O N N A I E E  SUBJECTS 
(Mala a u b j c c a :  I4 . 536) 
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. . oO0u*10 
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Maan aqwca 

3.1533 
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0.23596 
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0.010820 
0.28106 
0.1w116 
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0.2W06 
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0.000 13550 
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0.071639 
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1.3871 
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0.4134.4 
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0 3 0 3 5 5  
0.25581 
0.2%W 
0.50754 
0.20109 
0.46316 

0.18612 

37.946 
2.274 
2.839 
4 . 288 
0.130 
3 .382  
1.735 
2.477 
0.006 
0.350 
0.467 
0.001 
3.418 
1.367 
6.402 
2.986 
4.064 
6.424 
0.002 
2.769 
0.862 
0.577 
1.726 
0.061 
0.350 
0.171 
0.696 
0.997 
5 . 466 

1.9U 

41.168 
4.039 
2.843 
4.790 
5.025 
2.929 
3.532 
3.112 
6.120 
3.109 
3.097 
6.169 
2. w.L (b) 
5.386 

2.262 

(a) F racio  of 3.84 r.gu1r.d for aigntf icmca at . 05 level; 
(b) P - abate . 15 (left i n  equation because of a # l g n i f i u n c  Juppreaaor effect on the  milel 1961 conviction v a r i r n l c . )  

I . 2.71 required for atgnif lcance a t  . 10 Icvcl . 
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